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2-bit-CPU 
board directory 


Minimize phase error with 
matched op amps 


PLD test software 


—_——— 
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553B-bus support chips 


High-speed CMOS EPROMs 


create an array of new 


applications ~ 


4 


They’re field programmable (even 
re-programmable). And they give you 
up to 1800 usable gates in an extremely 
flexible architecture. 

Naturally, we have all the program- 
ming tools you'll need to get your PLDs 


up and running in a hurry. The latest 
version of our PALASM’ CAD software 


for your PAL designs. And XACT” 
software for LCAs. 

Best of all, we’ll support you with 
a team of FAEs that’s worked around 


programmable logic for years. 

So call or write us for a CMOS 
sample kit and data sheets. Monolithi 
Memories, 2175 Mission College Blvc 
M/S 09-14, Santa Clara, CA 95054- 
1592. (800) 222-9323. 

And start getting the most out of 
CMOS. 


Monolithic 
Memories Mani 


PAL and PALASM are registered trademarks and ZPAL is a trademark of Monolithic Me 
Inc. Logic Cell and XACT are trademarks of XILINX. Inc. 1987, Monolithic Memones 
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LOGIC CELL’ 
ARRAY 
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There was nothing to it really. 

Instead of making one CMOS PLD 
(like some competitors we could name), 
Monolithic Memories makes many. 

So many, in fact, that our CMOS 
PLDs offer you more speed, power and 
architecture options than you can get 
from any of our competitors. 


Take our ZPAL" family, for example. 


It’s a zero standby power (less than 
100,,A) version of our popular PAL 
C20R8 Series. And it comes in both 


35ns and 45ns versions. 

Or for universal applications, our 
PAL C22V10 combines a wide-open 
architecture with 25ns or 35ns speed. 
Yet it consumes a mere 90mA. 

Better yet, our new quarter-power 
CMOS PAL CI16R8 Series devices con- 
sume but 45mA. While their 25ns speed 
approaches the best of bipolar. 

And should you need gate array 
density, but prefer PLD convenience, 
try our CMOS Logic Cell” Arrays (LCA). 


How we 
improved 
CMOS 
PLDs. 


The Least Cost, Resistors. 


Dale Metal Film Resistors give you a lot 
more than just a competitive selling price. 


Add up what it costs you to buy a 
resistor, ship it, inspect it, install it, 
test it and get it out the door. 

That’s the real price you pay — and 
if you want to make it lower, call us 
today. We have more ways to help you 
reduce final resistor costs — because 
we give you more to work with. 


Start with the time savings you 
realize from a full line. Everything’s 
there you need: ultra precision, estab- 
lished reliability, military, commer- 
cial and special purpose. 

Add the efficiency of a sophisticated 
stock management program that 
moves 85-90% of your standard orders 
directly from finished goods. 

Then, factor in quality. Our exclu- 
sive ZIP® program puts it in con- 
crete terms for users of high volume, 


general purpose resistors. We guaran- 
tee our CCF-50 and CCF-55 commer- 
cial products will perform as specified 
without costly in-plant verification. 
And, we guarantee shipment will be 
made on our confirmed date. ZIP costs 
youno more, plus it has helped us forge 
disciplines that are the basis of “just in 
time” and quality “partnerships” now 
in place with major resistor users 
nationwide. 

Think it over and call Dale if you’re 
ready to take a closer look at reducing 
resistor costs. We have the products 
and programs to help you get it done. 


For more information, contact 
your Dale representative or phone 
402-371-0080, Dale Electronics, 
Inc., 2300 Riverside Blvd., 
Norfolk, NE 68701. 


CHECK THIS LINEUP 


Ultra Precision, tolerances to .01%, 
TC’s to +5 PPM/°C, matched sets 
available, Model PTF. 
Established Reliability, MIL-R-55182 
(RNC), MIL-R-39017 (RLR) and MIL-R-122. 
Military, MIL-R-10509 (RN), 
MIL-R-22684 (RL). 
General Purpose, 1%,2%,5%, Model CCF. 
Special Purpose, ultra high 
voltages, values and frequencies 
in a wide range ofy / 
carbon film and / / 
metal oxide es 
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FOR CSA CERTIFICATION AND UL RECOGNITION 


At Prem Magnetics, our full line of PC 
power transformers is already CSA Cer- 
tified and UL Recognized. This is yours 
at no additional charge when you use 
Prem PC Power Transformers. 


It’s true! And comparison is simple. Send 
for our latest PC Power Transformer 
Catalog and you'll find our units cross- 
referenced to Signal and other com- 
petitors’ part numbers. Or, simply send 
us the part number and source you are 
now using and we'll promptly send you 
a quote. You can see for yourself how 
much your savings will be. 


For immediate technical data, you can 
find us in Volume A of 1986/87 EEM. Or 
call us. 


At Prem, we have old-fashioned ideas 
about service . . 


We know that you need the price break 
of a larger quantity, but sometimes you 
don’t want all your parts delivered im- 
mediately. We'll work with you to 
schedule convenient deliveries . . . as far 
as 12 months into the future. 


If you have questions about a transformer 
to meet your precise application, you can 
confer with our technical services 
specialists. Or, you can speak directly 
with one of our five design engineers . . . 
always available to assist you. 


If one of our standard components isn’t 
the ideal transformer for your circuit, our 
engineering staff will design a custom 
component that is just right. 


The 
Price 
Fighter 


If you're tired of the costs and hassles 
resulting from low standards, you'll ap- 
preciate our total dedication to quality. 
You are always welcome to inspect our 
facilities and review our quality 
procedures. 


You could be reducing your costs and in- 
creasing your profits right away. Send for 
our catalog. Or, for faster action, call or 
write with your current part number. We 
will respond quickly with a quote. 


MAGNETICS, 
INCORPORATED 


3521 North Chapel Hill Road 
McHenry, Illinois 60050 

Tel. 815-385-2700 

TWX 910-642-3763 

FAX (815) 385-8578 
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5 TO A000MHz from $1379... 


Tough enough to meet full MIL-specs, capable of operating over a wide -59° to +100°C 
temperature range, in a rugged package. _that’s Mini-Circuits’ new MAN-amoplifier series. 
The MAN-amplifier’s tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 

oc board area as a TO-8 and can take tougher punishment with leads that won't break 


off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
500MHz and 0.5 to 1000MHz, and NF as low as 2.8dB. 


Prices start at only $13.95, including screening, thermal shock -55°C to +100°C, 


fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 
voltage and current. 


Internally the MAN amplifiers consist of two stages, including coupling capacitors. 
A designer's delight, with all components self-contained. Just connect to a dc 
supply voltage and get up to 28dB gain with +9dBm output. 


The newMAN-ampilifier series... 
another Mini-Circuits’ price/performance 


breakthrough. 
PREG. 
RANGE GAIN MAX. NF DC PWR PRICE 
MHz) . dB OUT/PWRt dB 12V, $ ea. 
MODEL f, to fy min flatnesstt dBm typ mA 5-24 
MAN-1 0.5-500 20. 1,0 8 45 60 13.95 
MAN-2 0.5-1000 19. 7.4 7 6.0 85 15.95 
MAN-1LN 0.5-500 28 1.0 8 2.8 60 15.85 
++Midband 10f, to uy: + 0.506 +|dB Gain Compression 


Max input power (no damage) +15dBm, VSWR in/out 1.8:1 max. 


finding new waVS ... 
setting higher standards 


= a = = 
A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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SPECIFICATIONS 


MODEL 


MAR-1 
MAR-2 
MAR-3 
MAR-4 
MAR-6 
MAR-7 
MAR-8 


FREQ. 
MHz 


DC-1000 
DC-2000 
DC-2000 
DC-1000 
DC-2000 
DC-2000 
DC-1000 


GAIN, dB 

100 1000 2000 Min. 
MHz MHz MHz (note) 
185 155 — 13.0 
13 25 11 3 He, 
13 125 105 80 
82 80 — 7.0 
20 16 «11 g 

13.5 125 105 85 
33 23 — 19 


© MAX. 
PWR. 
dBm 


0 
+3 
+80 
+1] 

0 
+3 
+10 


NF 
dB 


5.0 
6.5 
6.0 
7.0 
2.8 
5.0 
Ae) 


PRICE 
Ea. 


0.99 
1,50 
1,70 
1.90 
1.29 
1.90 
2.20 


NOTE: Minimum gain at highest frequency point and over full temperature range. 
© 1dB Gain Compression 
0 +4dBm 1 to 2 GHz 


designers amplifier kit, DAK-2 


dc to 2000 MHz 
amplifier series 


Unbelievable, until now...tiny monolithic wide- 


$ band amplifiers for as low as 99 cents. These rugged 


a, 0.085 in.diam.,plastic-packaged units are 50ohm* 
(100) input/output impedance, unconditionally stable 
pas regardless of load* and easily cascadable. Models 


Stable for source /load impedance VSWR less than 3:1 


Also, for your design convenience, Mini-Circuits 


Size Tolerance Temperature 


0 of each model, total 35 amplifiers (mis) gg, « Chavacteristic 


59 9 5 80 x 50 10% X7R 
0, 
only 2 120 x 60 10% X7R 


color dot 


[4 Mini-Circuits 


Minimum Order 50 per Value 


finding new ways... 
setting higher standards 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
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Value 


5) in the MAR-series offer up to 33 dB gain, 0 to 
5) +11dBm output, noise figure as low as 2.8cB, 
a and up to DC-2000MHz bandwidth. 


*“MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 


offers chip coupling capacitors at 12 cents each.t 


10, 22, 47, 68, 100, 470, 680, 100 pf 
2200, 4700, 6800, 10,000 pf 


022, .047. .068, .1uf 


C113-Rev. D 


Volume 32, Number 19 


ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 


On the cover: With their 25- to 
100-nsec access times, the latest high- 
speed CMOS EPROMS fit applications 
such as bit-shice designs, which require 
speeds you could previously find only in 
bipolar PROMs. See pg 132. (Photo 
courtesy Texas Instruments; art direction 
by Mary Ann Toperzer; illustration by 
David Neal; photography by 

Joseph Savant) 
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DESIGN FEATURES 
Special Report: High-speed EPROMs 132 


Today’s high-speed EPROMs can deliver access times ranging from 
100 to 25 nsec, and the faster of these EPROMs fit into designs that 
previously required bipolar PROMs.—Maury Wright, Regional Editor 


EDN’s 32-bit-CPU Board Directory 147 


Thirty-two-bit microprocessors are bringing mainframe-like power to 
single-board computers. In EDN’s first directory of 32-bit-CPU 
boards, you’ll find boards based on a couple of different Ps. 

—John Gallant, Associate Editor 


Partitioning adapts large | 163 
state machines to PLDs 
A simple partitioning technique may let you split your state machine 


into two or more smaller state machines, which may then fit into a 
single PLD.—Clive McCarthy, Altera Corp 


Active feedback improves 179 
amplifier phase accuracy 


Using matched op amps and active feedback, you can minimize the 
phase error and so extend the bandwidth of an amplifier by more than 
an order of magnitude.—James Wong, Precision Monoltthics Inc 


Isolator measures 12-bit signals 203 
across +3500V barriers 

By using an isolation amplifier and careful circuit design, you can 
achieve safe and accurate measurements 1n the presence of voltages as 
high as 2500V rms.—Howard Samuels, Analog Devices 


Terminate bus lines to avoid 227 
overshoot and ringing 


At high frequencies, the traces on a pe board act as transmission lines, 
so you may need to terminate them to avoid signal distortion caused 
by impedance mismatches.—Charles Pace, Fairchild Semiconductor Corp 


Basic program simplifies design 237 
of linear power supplies 

This Basic program prompts you for design specs and then generates 
the parameters for a workable design.—George Sayer, Consulting Engineer 


Continued on page 7 
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FLUKE 9100A * DIGITAL TEST SYSTEM 


Get to the test mode fast! 


HOMO 


OOOH G 


lOOMOHOOOHH 


In fact, twice as fast. 


lf you're developing automated test pro- 
cedures for microprocessor-based digital circuit 
boards, we'd like to introduce you to the con- 
cept of speed. 


Fast Programming 


With the S100A Test Programmer’s Station, 
you can generate powerful and detailed test 
programs in half the time it takes with other 
emulative-type systems. Weeks instead of 
months. 


Easy-to-use software: The S100A features a 
high-level programming language, syntax- 
checking editor and source-language debugger 
all designed specifically for writing digital test 
and diagnostic routines. 


Built-in decision tree: Enter board information 
in straightforward database format. Add stim- 
ulus routines. The S100A then produces com- 
prehensive test programs for Guided Fault 
Isolation (GFI) almost automatically. A special 
fault-tracing algorithm makes all the choices 
about the troubleshooting sequence. 


Fast Troubleshooting 


Here’s where Fluke’s new system really 
takes off! 


HOHIOL | 


HOOMCIOOO 


lOO , 


Because the programs you develop on the 
SI00A can be executed on the production line 
or in service by any number of low-cost 9105A 
Digital Test Stations. All of them with these 
features. 


Full board coverage: This system isolates digi- 
tal hardware faults down to the node level on all 
digital circuitry, SSI to ASIC, at rates up 
to 40 Mrz. 


Automated Fault Isolation: Lightning- 4 
fast functional tests for the entire uP ieee 
kernel—BUS, RAM and ROM— a eS 
are pre-programmed, and ms 
activated by simple keystrokes. Beyond the ker- 
nel, your GFI programs guide an operator right 
to the faulty node quickly, with diagnostics in 
plain English. 


Briers 


aN ¥ 
a Li id 
Stok ateg [gion 


Merron yi 


From the world leader nd 


Advanced circuitry interface: Fluke’s new emulative board testing. 


Parallel |/O Modules let you test as many as 
160 pins simultaneously at up to 10 MHz. Help- 
ing to isolate faults faster than you ever thought 
possible. 


High-Performance Support 

Fluke backs its full line of board test equip- 
ment—9100A Digital Test System, 9000A 
Micro-System Troubleshooter, 3200B Man- 
ufacturing Defects Analyzer and 3050B Func: 
tional Test System—with all the service, 
training and application support you need. 


Fast answers 


Call Fluke at +800-426-0361 to get up to 
speed fast! 


® 
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IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, Everett, WA 98206. Sales: (206) 356-5400. Other: (206) 347-6100. 
EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045. TLX: 51846. 


© Copyright 1986 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 2942-9100 
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The MIL-STD 1553B bus’s command- 
response protocol, igh noise immunity, 
and dual-redundant bus architecture 
make the bus as suitable for use in fac- 
tories and industrial process plants as tt 1s 
for use in military avionics systems 


(pq 75). 
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TECHNOLOGY UPDATE 


Automatic test generators for PLDs 59 
clean up your logic designs 

If you’re a design engineer who doesn’t develop a comprehensive set 
of test vectors for your programable logic devices, you’re not only 
passing a tricky problem on to the test department, you’re also short- 
changing yourself as a designer—Charles H Small, Associate Edttor 


VLSI support chips let you use 75 
the 1553B bus in industrial applications 

Your industrial networking applications may now be able to reap the 
benefits of the MIL-STD-1553B bus: Manufacturers have begun to 
introduce VLSI chips that support communication over the 1553B 
data bus, yet cost only $100 to $500.—Peter Harold, European Editor 


Buscon/87: Technical sessions and products 97 
for computer-bus designers and users 
The Buscon/87 show, a combination of product exhibits and 


technical sessions, moves up the East Coast this year, from New York 
last fall to Massachusetts this fall—EDN Staff 


PRODUCT UPDATE 


Single-chip graphics controller 105 
Expert system 108 
Modular 1500W power supply 111 
SCSI protocol IC 112 


DESIGN IDEAS 


Direction detector doubles as decoder 247 
Circuit selects single or multiple lines 248 
Standard logic provides interrupts for Z80 250 
Voltage regulator has precise Iour limit 254 
Current source uses instrumentation amp 254 


Continued on page 9 
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AUTOMATIC SCHEMATIC. 


FUTUREDESIGNER: DRAW LESS. DESIGN 


MORE, Introducing FutureDesigner™ — 
the only advanced design entry work- 
Station that lets you describe your cir- 
cuit in compact, high-level terms and 
create more complex designs faster. 
FutureDesigner’s flexible, new tech- 
niques encourage creativity and 
experimentation, helping you pro- 
duce innovative products quickly and 
more accurately. 


MULTIPLE DESIGN ENTRY MODES FOR 
SPEED AND FLEXIBILITY. Describe 
your circuit with any combination of 
structural and behavioral representa- 
tions. Use schematics to enter the 
structural portions of the design, such 
as data paths in a memory array. For 
portions easier to describe behaviorally, 
like Sequencers or decoders, simply 
enter equations, truth tables or state 
diagrams using on-screen input forms. 


ADVANCED DESIGN VERIFICATION 
HELPS YOU GET IT RIGHT THE FIRST 
TIME. For the behavioral portions of 
your design, use FutureDesigner as a 
“what if’ tool to try different design 
approaches. Immediately verify that 


~ your Circuit works as you intended. For 


the structural portions, design check 
tools detect and help you correct con- 
nectivity and other common design 
errors. Together these features signifi- 
cantly shorten the design iteration cycle. 


LOGIC SYNTHESIS CONVERTS YOUR 
EQUATIONS INTO SCHEMATICS. Once 
you've entered equations, state dia- 
grams or truth tables, FutureDesigner’s 
logic synthesizer eliminates redundant 
Circuitry and optimizes your design for 
size/speed trade-offs. FutureDesigner 
is the only design entry workstation that 
will then automatically produce the 
correct schematics and integrate them 
with the total structural design. 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/Telex 15-2167 
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 (818) 700-0691/ Telex 910-494-2681 

Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761/06968133 

Data |/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/Telex 16616 DATIO NL 
Data I/O Japan Sumitomoseimei Higashishinbashi Bidg., 8F, 2-1-7, Higashi-Shinbashi, Minato-ku, Tokyo 105, Japan 


(03) 432-6991/ Telex 2522685 DATAIO J 


©1987 Data 1/O Corporation. 
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MORE CHOICES IN TECHNOLOGIES, 
VENDORS AND SYSTEMS. Future- 
Designer is technology independent. 
Choose the most convenient mix of 
TTL, PLDs, gate arrays or other 
ASICs from a wide range of semi- 
conductor manufacturers. You can 
easily migrate from one technology 
to another without redesign. 

FutureDesigner output is an 
industry standard, widely accepted 
by engineering service bureaus and 
semiconductor vendors. You'll also 
have access to both FutureNet® and 
other CAD systems for simulation 
and PCB layout. 

Call us today and learn how a 
FutureDesigner workstation gives 
you the flexibility and accuracy to 
design innovative products faster. 


1-800-247-5700 
Dept. 704 


FutureNet 


A Data |/O Company 
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EDITORIAL | 55 


Many companies realize the benefits of electronic-mail services. Un- 
fortunately, not everyone is that up to date. 
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Motor, Pump Mechanical Assembl Y 


&% TeleVideo * 


Now The Only Limit 


Is Your Imagination. 


Introducing TeleSTAR, the first open system 
386 engineering workstation. 


The new TeleVideo® TeleSTAR/386™ 
Engineering Workstation is the first 
workstation to give you 16 MHz 
80386 power, high resolution 


graphics and Ethernet™ networking. 
It even comes with an affordable 
price: just $10,995. | 

The new TeleSTAR/386 is an 
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MACS 


“open system” with all the features 
you expect to find on a Motorola 
68020-based workstation. It’s the 
only way to get all the flexibility, 
portability and connectivity 

you need. 

It uses Microport™ DOSMerge 
386™ for concurrent UNIX® system 
V.3 and MS-DOS” operation to give 
you access to the widest range of 
technical and business software. 

It also features MIT’s X Window.” 
the de facto standard user-interface 
system for multitasking on one 
screen, plus GKS software for stan- 


dard graphics applications. 

To present your work at its 
best, there’s a 1280x 1024 pixel 
high-resolution display and 256 
simultaneous colors from a palette 
of 4,096 (with 16.7 million colors 
optional), and a monochrome dis- 
play with the same high-resolution 
and four grey levels. There's even a 
mathematical co-processor to help 
speed up your calculations. 

And to help you share the 
wealth, there’s a built-in Ethernet 
interface with TCP/IP and RFS 
software under UNIX system V.3 


supporting NFS™ from Sun Micro- 
systems. Together, they let you 
network heterogeneously with 
mainframes, stand-alone work- 
stations and PCs. 

Our TeleSTAR/386 Engineer- 
ing Workstation comes with features 
you might not expect at such a low 
price. Including a 17-inch color 
monitor (a 19-inch monochrome 
monitor is optional). A 3-button 
optical mouse. And 4 Mbytes of 32- 
bit RAM memory that’s expandable 
to 16 Mbytes. 

If you're ready for a worksta- 


\ Window is a tradeniark of MED bo 


tion that gives you the power you 
need at a price you can afford, you're 
ready for the new TeleSTAR/386. _ 

Call us toll-free or write today. 
for more information. 


TeleVideo Systems, Inc., 
1170 Morse Avenue, Sunnyvale, CA 


94088-3568. 
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TeleVideo 


THE VISION YOU NEED TO SUCCEED. 


Call 1-800-835-3228 
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nS COUld be the most 
logical merger in history! 
When you combine our 
two companies, everything 
fits. Engineers get more 
great products. Buyers get 
great deals. Our share- 
holders get greater value. 
Our employees get 

a greater opportunity 
And our industry gets a 
great new competitor. 
In fact, any way Po SSSS 
you look at it, this ts , i a 
one great Za NZ 
company!” 


airman an 
Chief Executive Officer, 
Advanced Micro Devices, Inc. | 


_Advanced 
Micro Devices Z1 


I always knew the 
man was a natural- 
born peddler.” 


Irwin Federman 
Vice Chairman, Advanced Micro Devices 
President, Monolithic Memories, Inc. 


Monolithic 
Memories 


> 
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On August 13th, Advanced Micro Devices and 
Monolithic Memories merged to become the world's 
largest exclusive producer of integrated circuits. 

And in the months ahead, you'll learn that Jerry's right. 
This is a great deal for everyone. 
Advanced Micro Devices «1 


\\ | One great company. 
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Our delivery is almost 


as fast as our access time. 


High Speed CMOS ICT CMOS Erasable PROM Selection Guide $23.24 in lots of 100 _ 
a ae ROMs Device Pins Pkg. Organization Speed Power eee eee 
oure really serious : 
cae ew shay tee pj. _27CX641C-40 24 600mil ——8Kx8 40ns_80mAmax. devices are $33.20 in the 
polar to CMOS, we won't 27CX641C-45. 24-600 mil 8Kx8 4ons 80mAmax. same quantity. 
offer to take you to the 27CX641C-55 24 «+600 mil 8Kx8 55ns 80mA max. a peak aa for 
PROM and then stand other family members 
yous 27CX642C-40 24 300mil 8Kx8 40ns 80mA max. coming your way soon. 
We're ready to deliver 27CX642C-45 24 300 mil 8Kx8 45ns 80mA max. The 27CX3?1 and 
OW. 27CX642C-55 24 300 mil 8Kx8_~——55ns  80mAmax. 27CX322 are 4,096 x 8 bit 
We can supply you high-speed UV- Erasable 
immediately with high-speed Erasable CMOS PROMs with access | CMOS PROMs with 35 to 55 ns 


CMOS PROMS that offer socket 
compatibility with most popular bi- 
polar PROMS. Plus, these devices 
consume less than half the power of 


times from 40 to 55 ns. Available 
in 24-pin standard 600-mil, or space- 
saving 300-mil packages. 

Reduce your power consumption. 


access times and a special low-power 
stand-by mode. 

Don't be left waiting for the PROM. 
Order from ICT now. 


fuse-link bipolar PROMS and The 27CX641/642 draws 80 mA For details, contact Sales and 
are reprogrammable. max., less than half that of bipolar Marketing, International CMOS 
Our speedy 27CX641s and 8K x 8 PROMs. Technology, Inc., 2125 Lundy Avenue, 


14 


Erasable CMOS EPROMs means 
added convenience and reduced 
development and retrofit cost. It also 
means 100% factory testing. 

Our 55 ns devices are priced at 
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INTERNATIONAL CMOS 
TECHNOLOGY, INC. 


CMOS is our middle name” 
EDN September 17, 1987 
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Evervv here. 


hat’s right. Everywhere 80386 and 68020.That’s a emis So keep your eyes peeled. 
you look in the world of VME, | you can’t get Because very soon we're going 
you'll find Force Computers. | anywhere else. _to raise the sane so high 
Military/ Need real-time 
aerospace | or time sharing 
software solutions? 
You'll find more of them 
at Force. From PDOS to 
UNIX to third-party 
offerings. So you can cut 
your programming time 
—and costs—to the 


bone. And get the best you'll need 
: performance from your system. an oxygen mask 
| medical just to read the specs 
“Gnsteumentation How high is high? " 
Telecommunications and test and | When it comes to performance, Quality you can rely on. 
measurement. Computer-aided we're really not sure.We set new | All the = performance i in the world 
manufacturing and scientific standards with our 68000- = is useless if it’s 
computers. based CPU boards.Then Fi based on a 3% 
Wherever engineers need we raised them with our i return rate. With 
advanced, reliable VME ee PU 20 and 21 designs. f Force, you'll get 
solutions, you'll find we 3535 Giving you a 68020 
Force. Because Force ‘, ao at a sizzling 


offers more advanced ; » “sew 29MHz with 
solutions than anyone |. “=e” zero wait states. Fi 
in the business. oa eg x And a zero wait 80386 

. <» running at 16MHz. 
More choices Actually, we look at VME 
across the board. performance as a constant 
With Force, you can challenge. It’s the closest 
afford to be choosy. w» thing we know to 
Take your pick from over * : 


perpetual motion. 


125 boards. Over 60 memory and 
I/O configurations. And the same 
number of CPU designs.With 
matching development 

systems 

and your 
choice of 
_ microprocessors, 
_ including the 


° ad 
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enough, they’re put through 
100% dynamic burn-in. No 


wonder our return rate ~ You can always get 

is less than 0.9%. And - what you one 

dropping fast. ~ Fed up with the 30-day 
Support you can promise and 90-day wait? Get 
count on. your boards from Force and you'll 


have them in your racks in 30 
days. Period. Nobody gives you 
better on-time delivery. Period. 


We'll throw the book at you. 
If you’ve got a VME problem, 
Force has the solution. 
Nobody offers more. Give us 
a chance to prove it. Call 
today and we'll send you 
~~ our free 380-page data 
book. You’l] find that 
for your application, we'll 
fit in quite well. 
Call toll-free: 1-800-BEST VME. 
In California, 1-800- ~ 
237-8862. 


performance that lasts. Because As you might . 
our standards are based on expect, our support Is 


NATO guidelines.And | 48 uncompromising 


our Q/A policies as Our quality. Take our 
are merciless. documentation. It’s the most 


Every board is thorough and detailed 
100% in-circuit in the business. 
tested. Then plications support? 
100% functional | No one else delivers it 
tested. And,as_ | faster or better. Just need 
if that’s not a question answered? 
Call Force and you'll get 
somebody who's really 
qualified to help. 


SCE 


FORCE COMPUTERS, INC. 
727 University Ave. Los Gatos, CA 95030 
Phone (408) 354-3410 

Telex 172465 Telefax (408) 395-7718 


FORCE COMPUTERS, GmbH 
Daimlerstrasse 9 D-8012 Ottobrunn 
Telefon (089) 60091-0 Telex 524190 forc-d 
Telefax (089) 6 097793 


© 1987 Force Computers, Inc. FORCE isa registered trademark of FORCE COMPUTERS, Inc. UNIX is a trademark of AT&T/Bell Laboratories. 
PDOS is a trademark of Eyring Research Institute, Inc. 
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_ ebenciis. : a 
_ _ Short innovation cycles for industrial applica- en 
og ___ tions call forthe use of flexibleandexpand- 
|. single eur rma cessfully _ able system components and universal ——— 
implemented in: ver 100.000 systems system software: SUCCess = your application : ——— 


- our system COMpOnens. ——— 
/ user can implement a customized i —  — 
1on to his application with SMP, AMS MOSS 


Three systems ~ one concept: completely 
compatible hardware and software building 
blocks from 8 to 32 bits - t vat gives you the 


ssn 


fastest reaction time to changes in market 
demands and guarantees your competitive 


toning counter contiolier _ Take advantage of our experience and power 
- 


Innovation to get that important step ahead. 


3iemens AG, Infos 


service 12/Z052, 
1 2348, D-8510 Fuerth, quoting “SMP” 
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Top performanc 


ry range... 


Jigital Storage Scope 
M205-2: — 


_ This truly innovative featu re-packec 

scope provides digital storage capability 
with 5 MHz max. sampli ng rate—allata 
_incredibly low and unbeatable price. _ 
“High-tech” digital storage you can af 


odular System 

AM 8000: 

_ A full range of space-saving, inter- 
_ changeable plug-ins — professional but 
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__ miliohm-, LCR-meters, power supply... 
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LOS ALAMIT Phone (516) 883-3837 _ 
Phare (7 Telex (023) 497-4606 
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NEWS BREAKS 


EDITED BY CLARE MANSFIELD 


PC/AT BUS SCSI ADAPTER SENDS 10M-BYTE/ SEC BURSTS OF DATA 


System integrators can now purchase a, high-performance SCSI host adapter, the 
AHA-1540, to connect disks and other peripherals to personal-computer-class 
machines. Adaptec’s (Milpitas, CA, (408) 432-8600) PC/AT bus-compatible host adapter 
sends bursts of data across the host bus at speeds as high as 10M bytes/sec. Further- 
more, it performs 2M-byte/sec asynchronous and 5M-byte/sec synchronous transfers 
to SCSI Bus peripherals. The host adapter suits a multitasking I/O environment and 
targets new PC/AT-class machines that will host Unix, Xenix, and other multiuser, 
multitasking environments. In MS-DOS applications, the adapter emulates a standard 
PC/AT bus disk controller. Samples of the board are available now, and production 
quantities will be available in the fourth quarter for $285 (100).—Maury Wright 


HIGH-RESOLUTION TOUCHSCREEN USES SAW TECHNOLOGY 


Elographics (Oak Ridge, TN, (615) 482-4100), a major supplier of resistive-membrane 
touchscreens, has developed a touchscreen based on SAW technology. The company 
claims SAW-based screens are more rugged and offer a higher resolution than older 
touchscreen technologies such as resistive membrane and LED. Surface-mounted 
piezoelectric transducers at the edge of the screen propagate mechanical waves within 
the screen’s glass surface. Any soft object pressing on the screen, such as a finger, 
attenuates the wave. The scanning arrays can determine the x and y coordinates of the 
pressure point to a resolution of 1/100 in. The degree of attenuation of the wave . 
indicates the amount of pressure applied, providing a z coordinate. A 13-in. diagonal 


screen with electronics costs $340 (1000); allow 45 days for prototype delivery. 
: —Margery S Conner 


PORTABLE INSTRUMENT TESTS Tl AND DDS SYSTEMS 


The HP 3787B digital-data test set from Hewlett-Packard Co (Palo Alto, CA) provides 
bit-error-rate (BER) measurements on in-service and out-of-service Tl, digital-data- 
service (DDS), and 56k-bps switches and packet-switched services. By testing in-service 
equipment, you can detect line degradation before service is seriously affected, catch 
problems that occur only at certain times or under particular loading conditions, and 
identify problems that need attention prior to taking a line out of service for 
maintenance. The $8000 instrument also provides an RS-2328C port, allowing connec- 
tion to an asynchronous protocol analyzer for digital-storage-oscilloscope subrate 
testing.—Steven H Leibson } 


AMERICAN-MADE AC/DC ADAPTERS COMPETE WITH OFF-SHORE PARTS 


If you’re in the market for external ac/dc power supplies, James Electronics 
(Chicago, IL, (312) 463-4500) manufactures a line of 16 and 4W plug-in adapters with 


outputs ranging from 6 to 28V. Boasting prices of $1.80 to $2.50 (OEM qty), the Com- 
petitor Series meets UL, FCC, and CSA requirements. Their cases, constructed of high- 


impact plastic, measure 2 35x2.15x1.67 in.* You can order customized markings, 
cables, and plug configurations to suit your application.—J D Mosley 
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The Turbosock orog vir apt e OI ) dvanced Engineering oe 
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A few more fast, fast 
reasons to call for our 
new databook: 


lw 1.New 64K SRAM. 25ns. Seven configura- 
‘ yy tions — including bit-wide, nibble-wide, byte- 
i wide, separate I/O, and all with low, low, power. 
As low as 50 mA active at 45ns. 
2. New 128K Reprogrammable PROM. 45 ns. 
100 mA active, 30 mA standby. 
3. New 64 x 9 and 64 x 8 FIFOs. 35 MHz. 
Virtually no bubble through. Cascadeable. 
4, Fastest 22V10 Reprogrammable PLD. 25ns. 
55 mA. And we have the board to turn your PC 
into a PLD/PROM programmer, too! 
5. High speed CMOS SRAM. 
6. High speed CMOS PROM. 
, 7. High speed CMOS PLD. 
High speed CMOS LOGIC. 
Fabricated and assembled in our 


So 
ey 
> 
a 
Sime, 
Not 


rhis databook, packed with high speed, 
power parts, is yours for a phone call. 


1-800-952-6300, Ask for Dept. (D2 
800-423-4440 (In CA), Ask for Dept. CD2 
) 2-672-2220 (In Europe) 

16) 475-3922 (In Canada) 
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= CYPRESS 
Ss FF SEMICONDUCTOR 


- 


Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134. 

ae : oe Phone (408) 943-2666 Telex 821032 CYPRESS SNJ UD, TWX 910-997-0753 
CIR S PAL is a registered trademark of Monolithic Memories, Inc. 

Ge re ©1987 Cypress Semiconductor 


We illustrate the Lockheed SR-71 Reconnaissance aircraft, holder of the world’s air . 
speed record: 2,193 miles per hour. We re fond of speed records. Over 30 of our parts 
have broken or still hold speed records for integrated circuits. a 
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filter 


dc to 3GHZz 


less than 10B insertion loss over entire passband 


¢ greater than 40dB stopband rejection ae aie 

«5 section, 30dB per octave roll-off ——@pe= = get =e 

¢ VSWR less than 1.7 (typ) Led BWHRE RES irCcCUlItS 
¢ over 100 models, immediate delivery ” BO Box 350166, Brooklyn, Now York 11235-0008 716) 934-4600 
. meets MIL-STD-202 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
* rugged hermetically sealed package (0.4 x 0.8 x 0.4 in.) 


BNC, Type N, SMA available 


LOWPASS _ Model 


Min. Pass Band (MHz) DC to 
Max, 20dB Stop Frequency (MHz) 


Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 


*HP- 1000 


HIGH PASS _ Model 


start, max. 
Pass Band (MHz) Saget 9200 
Min. 20dB Stop Frequency (MHz) 116 150 720 


Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 


—ee 
Li i 


* Prefix P for pins, B for BNC, N for Type N, S for SMA example: PLP-10.7 
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TOSHIBA 
NOW, 1 MB DRAMS 


AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500: EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., ( 
REGION, Toshiba America, Inc., (714) 752-0373; SOUTH CENTRAL REGION, Toshiba America, Inc., (214) 480-0470: SOUTHE 


KEEPSIE, NEW YORK, Toshiba America, Inc., (914) 462-5710; MAJOR ACCOUNT OFFICE, BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAM 
(205) 830-0498; ARIZONA, Summit Sales, (602) 998-4850: ARKANSAS, MIL-REP Associates, (512) 346-6331; CALIFORNIA 


Inc., (818) 712-0011, (714) 957-3367, (San Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc.., (303) 426-0890; CONNECTICUT, Datcom, Inc., (203) 288-7005: 
DISTRICT OF COLUMBIA, ArboTek (301) 825-0775; FLORIDA, Sales Engineering Concepts, (305) 426-4601, (305) 682-4800: GEORGIA, Montgomery Marketing, Inc., (404) 447-6124: IDAHO, Components West, 
(509) 922-2412; ILLINOIS, Carlson Electronic Sales, (312) 956-8240, R.W. Kunz, (314) 966-4977; INDIANA, Leslie M. DeVoe Company, (317) 842-3245: IOWA, C.H. H 


408) 244-4070: SOUTHWESTERN 
ASTERN REGION, Toshiba America, Inc., (404) 368-0203: MAJOR ACCOUNT OFFICE, POUGH- 


A, Montgomery Marketing, Inc., 
(Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, 


orn, (319) 393-8703; KANSAS, D.L.E. Electronics, 
MAINE, Datcom, Inc., (617) 891-4600; MARYLAND, ArboTek, (301) 825-0775: MASSACHUSETTS, 


S, (612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. 


(316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245: LOUISIANA, MIL-REP Associates, (713) 444-2557: 
Datcom, Inc., (617) 891-4600; MICHIGAN, Action Components Sales, (313) 349-3940; MINNESOTA, Electric Component Sale 
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IRST AGAIN. 
(ND 256 K CRAMS. 


Toshiba technology leads the way 256K CMOS STATIC RAM 


ain with the development of Ultra Toshiba’s product de- 
irge Scale memory devices that velopment leadership 


ature high speed access times. continues. We were first 


with 16K CMOS RAMs. 
1 MB CMOS DRAMS First with 64K CMOS RAMs. And now 


TOSHIBA is delivering first again—with 256K CMOS static 
now ...all the 1Mb prod- RAMs. This 32K x 8 device features 
uct you can use. In three the lowest power consumption avail- 
@ different access modes. able today—only 5nA/MHz. Lower 

™ With speeds of 85, 100 than any competitive product. And we 
and 120 ns. You have a offer speeds to 85 ns. 


choice of fast page mode, TOSHIBA 256K CRAMs 
° : 'PartNumber _| Organization | | Process | Speed | 
static column or nibble 


‘ mode, as well as DIP, SOJ 
“FCS5257AL-85L | 32Kx8__| CMOS | 85ns | 30,AMAX | 28pin | 

and ZIP packages. And 
t producti 

you Carl ge pr uc 10n (Now available in Plastic Flat Pack.) 


quantities now. ULTRA LEADERSHIP 


TOSHIBA 1 Mb DRAMs ° ° 
rt Number Package Again Toshiba leads the way. 


11000. 85_|_1Mbx1_| CMOS |_ sins Fast Page —_-T-e| With high speed access times. Now 
F 


Mp 
S10 eet fowos asa fsime ipa} With Ultra Large Scale products. With 
51100110 | 1 Mix TS On ultra high quality. With ultra fast 
11002 = 85 A deliveries. Toshiba. The power in 


S 
1 Mb x 1__| Cos 
—1Mb x 1 | CMOS 
511002 - 10 
511002 - 12 120 ns | Static Column ' 
314256 -85 | 256K x4 memories. 
MOS 
O 


256K x4 | C 2 

10 | 256Kx4 | CMOS | 100ns [FastPage | 20pin_| 

ee TOSHIBA. THE POWER IN MEMORIES. 
1514258 - 85 85 ns | 

> 10 | 256Kx4_ | CMOS | 100ns |Static Column | 20 pin _| 

314258 12 oe Cok | om] TOSHIBA AMERICA, INC. 


87 Toshiba America, Inc. 
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tronics, (316) 744-1229; MONTANA, Components West, (206) 885-5880: NEVADA, Elrepco, Inc., (415) 962-0660; NEBRASKA, D.L.E. Electronics, (316) 744-1229: NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW 
MPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus- Technology, (201) 947-0151; NEW MEXICO, Summit Sales, (602) 998-4850; NEW YORK, Nexus Technology, (201) 947-0151; Pi-tronics, (315) 455-7346; 
RTH CAROLINA/SOUTH CAROLINA, Montgomery Marketing, Inc., (919) 467-6319; NORTH DAKOTA/SOUTH DAKOTA, Electric Component Sales, (612) 933-2594; OHIO, Steffen & Associates, (216) 461-8333: (419) 884-2313, 
3) 293-3145: OKLAHOMA, MIL-REP Associates, (214) 644-6731: OREGON, Components West, (503) 684-1671; PENNSYLVANIA, Nexus Technology, (215) 675-9600, Steffen & Associates, (412) 276-7366; RHODE ISLAND, 
com, Inc., (617) 891-4600; TENNESSEE, Montgomery Marketing, Inc., (205) 830-0498; TEXAS, MIL-REP Associates, (512) 346-6331, (713) 444-2557, (214) 644-6731, UTAH, Straube Associates Mountain States, Inc., 
1) 263-2640; VERMONT, Datcom, Inc., (617) 891-4600, VIRGINIA, ArboTek, (301) 825-0775; WEST VIRGINIA, Steffen & Associates, (419) 884-2313; WASHINGTON, Components West, (206) 885-5880, (509) 922-2412; 
SCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube Associates Mountain States, Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, 
6) 885-5880: ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 726-1452. 
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Some notes on codecs 


With regard to my two articles on 
codecs (“Consider standard features 
when selecting codecs,” EDN, April 
30, pg 211 and “Check advanced 
features and noise specs when se- 
lecting codecs,” EDN, May 14, pg 
227), I'd like to add the following 
information. 
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Rhombus has created some brand new 
TTL delay modules — just when you needed 
solutions to your circuit-timing problems. 
Now, Rhombus high quality TTL 
delay modules are also available in auto- 
insertable, 8 pin auto-insertable mini-dip, and 
surface mount packages. Designed to speed 
installation and save space, these new delay 
modules meet the same high-performance levels 
of all Rhombus delay lines, and meet or exceed 
all applicable environmental requirements of 
MIL-D-23859, MIL-STD-883 and MIL-STD-202. 
Of course, the complete line of Rhombus 
passive, ECL and TTL buffered delay lines is 
also available to meet your circuit-timing needs. 
Looking for unencumbered design freedom? ss 
Now's the perfect time to call Rhombus for your closest 
Rhombus representative or distributor. 


RHOMBUS 
INDUSTRIES INC. 


15801 Chemical Lane, Huntington Beach, CA 92649 
(714) 898-0960 e (213) 594-8918 

TWX: 910-596-1826 e FAX: (714) 896-0971 
TELEX: 295676 (RCA) RHOMBUS HTBH 


“Combo” (actually “COMBO I” 
and “COMBO II”) is a registered 
trademark of National Semiconduc- 
tor. That company has just intro- 
duced a series of codecs, the TP3070 
and TP3071, that I would have in- 
cluded in my discussion of advanced 
codec features if I’d had access to 
their preliminary data sheets at the 


time I wrote the article. 

Further, in reply to G W Fore- 
man’s letter (EDN, August 6, pg 31) 
regarding some errors in the section 
entitled “Understanding noise spec- 
ifications” (pgs 229 to 234 of the 
second article), I stand corrected. I 
appreciate the additional informa- 
tion and history his letter provided, 
and I apologize for the errors and 
any confusion they may have 
caused. 

Brady Barnes 
Inter-Tel 
Chandler, AZ 


“FIRST THE GOOD NEWS: YOU’RE 
BEING TRANSFERRED TO 
REYKJAVIK, ICELAND!” 


Single-port chip set 

runs at full speed 

I read with interest Steve Leibson’s 
Special Report entitled “Micropro- 
grammable processing” in EDN’s 
April 15 issue (pg 142). I was sorry 
to see that Table A (pg 149) did not 
include the recently introduced 
ADSP-8211/3221 floating-point chip 
set. 

In addition, the text above the 
table suggests that 2-port devices 
(as the ADSP-3210 is listed in the 
table) suffer from I/O bottleneck 
problems. In fact, the ADSP-3210’s 
single port is adequate to keep the 
chip running at full speed, because 
it transfers data twice per cycle. 
David Fair 
Strategic Marketing Manager 
Analog Devices 
Norwood, MA 
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PR AGI | K Sprague continues its combination of bipolar power and CMOS logic in more 

- innovative ways in its second and third generation of BIMOS power drivers (Series 

‘ | PPLIE S, UCN-5800 and UCN-5900). These new devices excel in driving print heads and 

a stepper motors as well as electroluminescent, plasma, and vacuum-fluorescent 

displays. They switch voltages up to 200 V, and drive loads 

Mi ART POWER to 2A per channel, with up to 32 channels per chip. CMOS 

af @ shift registers, latches, and decoders are incorporated for 

asy uP interface. Features and advantages include high input impedance, good noise immunity, wide logic supply range 


to 12V), and high data input rates (3 to 5 MHz). 
Sprague Electric Company, Semiconductor Group, Worcester, MA. For applications assistance, call 800/247-2077 


. a kas 


n Mass.. 800/247-2076). For Brochure WR-203 write to Technical Literature Service, Se CUD | 
» ae OPE al 1 


prague Electric Company, P.O. Box 9102, Mansfield, MA 02048-9102. 
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Readers’ comments 
© Engineering layoffs 

“The article on layoffs in Profes- 
sional Issues [EDN, January 22, pg 
303] was right on. Having gone 
through it a year and a half ago, I 
still feel the effects. The article 
should have stressed how engineers’ 
attitudes have changed because of 


the experience.”—T M, Richard- 
son, TX 


“The article on layoffs is one I can 
relate to. The worst part is seeing 
the writing on the wall and trying to 
tell management; they refuse to 
hear you. Then when the time 
comes for layoffs, workers are laid 


United States 


af America 


Our external power conversion prod- 
ucts meet tough European specs, 
including VDE. So you can design for 
international sale without the ordeal 
of international agency approvals. 

Also, your microprocessor-based 
end product can be more compact 
and EMI-quiet with external power. 

By moving the power source 
outside your end product package, 
you gain space for features to help 
you Capture market share. You can 
respond to competitive changes 
without having to wait for agency 
reapproval. 

External power lets you mass 
produce your end product. Not even 
a special cord or plug to install. And 
field service is easy: just swap. 


~ application of external 


Case Size 4 6 8 11 


Transformer | 20VA 45VA 80VA~ -— 
Linear ew BW sédAL2W ~ 
Switching _ _ 15W = 100W 
Charger 2V 6W~ 30W_ 100W 


Standard configurations include both wall plug-in 
and cord in/cord out models with virtually all input 
connectors. Modifications and custom design 
available. 


Call about the specific a 


power you have inmind. @auwty 
Or send for literature 
on Ault VDE-approved _, 
products and our 
free handbook on 
external power. 


VAULI 


1600 Freeway Boulevard + Minneapolis, MN 55430 USA « (612) 560-9300 + FAX: (612) 560-4099 
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off and managers are kept.”—-M G, 
Denton, TX 


@ Unpaid overtime 
“The article on unpaid overtime 
[EDN, April 30, pg 285) strikes 
dead center. When you consider 
that 9-month design cycles, cut- 
throat competition, and miraculous 
innovation define the winner in to- 
day’s market, you begin to realize 
how underpaid engineers are.” 
—J H, Longmont, CO 


“After over 25 years in engineer- 
ing, when I look back, I find my best 
advancements professionally and in 
salary were when I refused uncom- 
pensated overtime. I don’t believe 
uncompensated overtime is benefi- 
cial to either the employee or the 
company.”—R P, Upland, CA 


“Project-driven engineering is as 
much a characteristic of government 
products as of commercial ones. The 
‘scheduled overtime’ allowed in gov- 
ernment contracts is not what it 
implies, because what is most fre- 
quently encountered is unscheduled 
overtime that’s used to meet dead- 
lines or crisis situations.”—L J, Co- 
lumbia, MD 


“The article entitled ‘Widespread 
practice of unpaid overtime levies 
burden on salaried engineers’ was 
very commendable. It specified 
problem areas and revealed the ulti- 
mate contradiction in our ‘American 
work ethic.’ ”"—M G, Seattle, WA 


WRITE IN 


Send your letters to the Signals and 
Noise Editor, 275 Washington St, 
Newton MA 02158. We welcome all 


comments, pro or con. All letters must 
be signed, but we will withhold your 
name upon request. We reserve the 
right to edit letters for space and 
Clarity. 


EDN September 17, 1987 


You told us what 
you wanted in 
igitizing oscilloscopes 


Ze) 


. 


sails 
eee 


S 


ain) 


AGAIN. 


Introducing HP’s new high-perfo 


You told us what would best 
meet your measurement needs. 
So in '84 and ’85 we 

brought you digitizing oscillo- 
scopes with pioneering features 
like full programmability, 1 GHz 
repetitive bandwidth, color 
displays, automatic answers, 
single-shot pulse reconstruc- 
tion, infinite persistence, and 
instant hardcopy output. 

And now, we bring you 
the new HP 54111D/54112D/ 
04120T series. 

These high-performance 
digitizing oscilloscopes let you 
measure what you've never 
measured before, with superb 
accuracy and ease of use. 

You'll find innovations 


HP 54111D 


such as '20 GHz bandwidth, 
4-channel simultaneous 400 
MSa/sec with 64k memory per 
channel, time domain reflec- 
tometry (TDR) with normali- 
zation, 10 psec time interval 
accuracy, and more. 


HP 54111D: 
the hot single shot. 
The HP 54111D offers 
two simultaneous channels 
operating at up to 1 Giga- 
sample per second...allowing 
you to capture high-speed 
single-shot phenomena such 
as high-speed pulses, plasma 
discharge, high voltage arcing, 
high frequency bursts, laser 
pulses and high energy events. 


LJ 1 Gigasample/sec digitizing rate 
LJ] 500 MHz repetitive bandwidth 
L] 250 MHz single-shot bandwidth 
L} 8k memory per channel 


L] 1 mV/div sensitivity 


You get the single-shot 
performance of analog storage 
oscilloscopes with all of the 
performance advantages of 
digitizing oscilloscopes. 

The HP 54111D also offers 
a 500 MHz bandwidth, so it will 
perform admirably in a wide 
variety of repetitive as well as 
non-repetitive applications. 


HP 54112D: 
64,000 bytes times 4. 
The HP 54112D offers you 
simultaneous 4-channel capture 
at 400 Megasamples per second 
with 64k of memory per chan- 
nel. Just right for the long data 
streams found in serial data 
communication applications. 


HP 54112D 

LJ 400 Megasamples/sec digitizing rate 
L] 100 MHz repetitive or single-shot 

L_] 4 simultaneous channels 


L] 64k memory per channel 


rmance digitizing oscilloscopes. 


Four simultaneous chan- 
nels enhance critical timing 
measurements on multiple test 
points...single-shot. And the 
HP 54112D's four channels are 
always real-time correlated for 
every trigger occurrence. 

In automated test, four 
channels with 64k memory per 
channel boost your throughput 
by capturing 256k of data 
simultaneously. 


HP 54120T: excels in 


high-speed applications. 


With its 20 GHz band- 
width and 10 psec accuracy, the 
HP 54120T lets you measure 
propagation delays of ICs or 
switching times of high-speed 


diodes. Characterize microwave 
switches. Verify signal path 
impedances in computer back- 
planes and test fixtures. And 
more. 

You get high sensitivity, 
resolution, and accuracy for 
repeatable time-interval and 
voltage measurements, with 
stability and ease-of-use com- 
parable to lower-performance 
oscilloscopes. 

The HP 54120T offers four 
channels for logic gate charac- 
terization. Time and voltage 
histograms to help you quantify 
noise and jitter. Normalization 
to correct for imperfect connec- 
tors in reflection (TDR) and 
transmission measurements. 


HP 54120T 
L_] dc-20 GHz bandwidth with averaging 


L_] 10 psec time interval accuracy 

L] 0.25 psec time interval resolution 

(_] Time and voltage histograms 

(1 Stable TDR with normalization ¢ 

LJ 0.4% voltage accuracy 4 
_-—\ LJ 4channels 


¥ 


Probing to 6 GHz. And the list 
goes on. 


Contact HP today! 

For more information on 
our new high-performance 
digitizing oscilloscopes, fill out 
and mail the postage-paid reply 
card today. Call us direct at 
1-800-752-0900. Or contact 
your local HP sales office listed 
in the telephone directory white 
pages. Ask for the electronic 
instruments department. 


Cy} 


HEWLETT 
PACKARD 


The specs you need, and the features you want. 


In addition to their outstanding individual contributions, the new HP 
54111D/54112D/54120T digitizing scopes offer you full programmability, 
automatic measurements, instant hardcopy output to printers and plotters, 
waveform storage, and multiple-color displays. 

You also have HP's excellent reliability, documentation, and support 
to make you productive with your HP instrument quickly and ensure your 
satisfaction for years to come. 


- 


HP P54111D. 


VERTICAL 
Rep. bandwidth 
S.S. bandwidth 
Inputs 
Resolution 


Sensitivity 
Coupling 


HORIZONTAL: 
Digitizing rate (max) 
Resolution 
Pre-trigger viewing 
MEMORY: 
Acquisition/chan 
Waveform storage 


Nonvolatile 
instrument setups 


| os 


HP 54112D 


VERTICAL: 
Rep. bandwidth 
S.S. bandwidth 
Inputs 
Resolution 
sensitivity 


Coupling 


HORIZONTAL: 
Digitizing rate (max) 
Resolution 
Pre-trigger viewing 
MEMORY: 
Acquisition/chan 
Waveform storage 


Nonvolatile 
instrument setups: 


6 


GOGO 
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$23, 900.00* 


500 MHz 

250 MHz 

2 chan & 2 trig 

8 bit to 25 MHz, 
7 bit to 100 MHz, 
6 bit to 250 MHz 
1 mV/div 

to 5 Vidiv 

ac, dc; 50 Ohm & 
1 MOhm 


1 GSa/sec 
10 psec 
YES 


8k 
2 pixel, 
4 rep wfm, 4ss wim 


10 


mi moe 2 


- $22, 900 oo 


100 MHz 

100 MHz 

4 chan & 1 tng 

6 bit to 100 MHz 
5 mV/div 

to 5 Vidiv 

ac, dc; 50 Ohm & 
1 MOhm 


400 MSa/sec 
40 psec 
YES 


64k 
2 pixel, 
4 rep wfm, 4 ss wfm 


10 


HP54120T $27,850.00** 
VERTICAL: 

Rep. bandwidth 20 GHz 

S.S. bandwidth NO 

Risetime 17.5 psec 

Accuracy 0.4% 

Inputs 4 chan & 1 trig 
Resolution 12 bits 

Sensitivity 1 mV/div to 80 mV/div 
Coupling 50 Ohm 
HORIZONTAL: 

Accuracy 10 psec 

Resolution 0.25 psec 
Pre-trigger viewing NO 


Range 


MEMORY: 
Acquisition/chan 
Waveform storage 


10 pseci/div-1 s/div 


0.5k 
2 pixel (volatile), 
4 rep wfm (nonvolatile) 


Nonvolatile 
instrument setups: 10 
TDR 
Pulse source 
Amplitude 0-200 mV 
Risetime 35 psec 
Flatness 1% 
Normalization YES 


Waveform histograms YES 


*U.S. list price only. 


Varies according to options selected. 
**US. list price only. 
Includes both the HP 54120A and HP 54121A. 


Specifications subject to change without notice. 


DESIGNED FOR 


SYSTEMS 


HP-IB: Not just IEEE-488, but the 
hardware, documentation and 
support that delivers the shortest 
path to a measurement system. 


HEWLETT 
PACKARD 
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DSP siek abcaitt oct any fastet idan Zoran : set that eliminates the see to write lines and 


lector Signal Processor (VSP). The world s most ae lines of code. : 

owerful DSP processor a So you can concentrates on your end appli Le 
Capable of performing a 1024 poi nt complex ee cation, ‘instead of getting bogged down i in the details oe 

FT in just 2.6 ms. Usingonlyakernelofthree = of software implementation. : : 

imple instructions. Plus you can parallel VSPs to te Take spectrum analysis, for stosople Ou. 


can 8A a complete 256-point power spectrum in real 
time with an input sample rateof 
- 340kH. Using only 29 instructions. 


yerform an even faster FFT in just 925 ps. 


- Faster system design with | 
our -tools and support. Speed's not — 
enough if you can't use it in a hurry. 
So we provide you with all the tools 
_ and support you need to shorten - 
your development cycle. 2s. 

ke Like comprehensive VA mand 
PC-based hardware and software 
tools. So you can completely develop 
and simulate any DSP application, 

from concept to hardware. 

- All the way from simple 

~ spectrum analysis programs to. 

: sophisticated 2D image transforms. © 

And even to image compression, — 

where you can do more than 1000. 

16x16 cosine transforms per second. 

|... All of which explains why 

: Joraris VSP and Digital Filter Processor 

(DEP) product families provide 

_ the fastest, easiest solutions for. 

- computation-intensive applications. 

| Best of all, we're shipping VSP-and DEP 

: products now, instead of simply announcing them. 
Which means you don't have to wait to get the 
So on your competition. 


Zoran's unique wictiitccrate lets you parallel nitultiple devices on a singe | 
pus: to achieve even faster signal KOK: 


The secret’s in our proprietary architecture, 
which is optimized for faster, more efficient. 
execution of embedded algorithms. a 

In fact, the VSP computes a 63-tap FIR iter. Think fast and get a en Totan daisbook. 


in real time with an input sample rate of 250kHz. ~ Call1-800-556-1234, ext. 99 (outside CA) or. 

Faster programming with our high- 2 1-800-441-2345, ext. 99 (in CA). Or write Zoran 
level instruction set. We slashed cme - Corporation, Dept. MC-2, 3450. Central Expressway, 
time with an embedded high ‘level instruction oF Santa Clara, CA 95051 We I get it out to ‘you last 


VSP is. a trademark of Zoran Corporatin 
\AX is. a trademark of Digital Equipment Corporation _ 
© Copyright 1987 Zoran Corpor: ition 


THE LAST WORD IN DSP, ZORAN 


esigning complex state machines and high performance 
controllers can really drive you crazy. 

PLDs can give you a fast, single-chip solution 
with multiway branching. That's OK for simple control 
logic. But if your problem’s complex, you're stuck with a micro- 
coded bit-slice approach. So you get to deal with dozens of 
power-hungry parts, acres of board space and complex, expensive 
development tools. 

If this sounds painfully familiar, we'd like you to meet SAM, 
the Stand-Alone Microsequencer. An extraordinary new architec- 
ture that’s going to change the way you design control logic forever. 

SAM's user-configurable, CMOS approach combines the 
best of two worlds: an EPLD branch-control-logic front end with 
a high performance, EPROM-based microsequencer. 

The first member of the SAM family, the EPS-448, gives 
you 448 words of microprogram control, plus a 15 level stack and 
an 8 bit counter. You also get 768 product terms to handle multiway 
branching in one, 30 MHz clock cycle. All in a slim 300 mil, 

28 pin DIP. 

With SAM you'll eliminate bulky 2910s, expensive high 
speed PROMs or EPROMs and lots of TTL. You'll also cut power 
consumption by an order of magnitude. 

But that’s only the beginning. You'll find that SAM is also 
a snap to implement. That's because it's supported by PLDS-SAM™ 
the most powerful state machine development system available. 

Just sit down at your PC and enter your design in high level 
state machine or microcode format. Altera’s SAM design processor 
and software-driven programmer will transform your idea into 
working silicon in minutes. It just doesn’t get any easier than that. 

So put an end to your frustration. Improve your designs 
while you save time, board space and money. Call or write for your 
PLDS-SAM development system today. Or sign up for our free 
seminar. And find out how easy it is to improve your state of mind. 


Call (408) 984-2800 


3525 Monroe Street 
Santa Clara, CA 95051 


40 


© Copyright 1987 ALTERA CORPORATION. 
SAM and PLDS-SAM are trademarks of Altera Corporation. 
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Motorola puts awesome multi- 
processing performance on two 
new single-board computers. 
As computer applications get 
more complex, OEMs are turning 
more to multiprocessing designs. 
To handle things like CAD/CAM, 
robotics, signal processing, simula- 
tion and large-scale data acqui- 
sition, a single processor simply 


cant keep up. = 


Adding several CPUs 
to a system off-loads the 
main processor, but 
what happens to RS 
the system bus? ie 
Itfrequently reaches =~ 
saturation, slowing 
down the entire system. 


Motorola introduces a single 
chip solution to this problem. The 
VME Subsystem Bus, a fast, 32-bit 
secondary bus, has been imple-. 
mented on a gate array at Motorola. 


The end of the multiprocessor 
traffic jams. 

The VSB sub-bus removes 
traffic from the VMEbus, increas- 
ing total system throughput. And by 
saving space on the VSB—and other 
components—Motorola has been 
able to pack an impressive array 
of multiprocessor functions onto 
two standard VME boards: the 
MVME135 and MVME136. These 
highly integrated microcomputers 
include all the functions usually 
required for high-performance 
multiprocessing. In addition to the 
VSB, they feature the MC68020 with 
floating-point coprocessor, both 
running at either 16.67 or 20.0MHz. 


For virtual memory environments, 
a demand-paged memory manage- 
ment unit can also be added. Plus 
1 Megabyte of shared local dynamic 
RAM is included—with optional 
parity—designed to operate with 
zero wait states. 


Included in the 135/136 modules 


fe tages 


are many special hardware features 
that facilitate multiprocessing. 
Things like MP control and status 
registers. An expanded interrupt- 
handling mechanism. And master/ 
slave control bit settings. 


Hardware alone 
is hardly enough. 

Complete multiprocessing 
hardware on a single board saves 
you design time and system space. 
But to get your application up and 
running on a tight schedule, it takes 
software and support tools too. Like 
those available from Motorola. 


If you're building a multi-user/ 
multi-tasking system, you can use 
our version of AT&T’s UNIX® System 
V Release 3, with Remote File Shar- 
ing. For real-time tasks, theres our 


full-featured VERSAdos™ operating 
system, as well as debugging firm- 
ware with on-board diagnostics. 
Then too, you have access to third- 
party software such as OS-9," 
MTOS;" PDOS;" pSOS,” RTUX," 
and VRTX° 


Add to that Motorola's in-depth 
technical support. We have more 
experience in building reliable, 
high-performance VME system com- 
ponents than any other vendor. 
Plus a specialized systems 

and support staff avail- 
able at over 100 field 
offices worldwide. 


To see how good 

multiprocessors can come 

in small packages, call 

us toll-free today: 

1-800-556-1234 
Ext. 230 (in California, 

1-800-441-2345 Ext. 230). Or write; 
Motorola Microcomputer Division, 
2900 South Diablo Way, Tempe, 
AZ 85282. | 


MVME135/136 Highlights 


Model 
MVME135 


Description 


VMEbus 32-bit SBC; 16.67-MHz 
MC68020 CPU; MC68881 FPU; 
1Mb on-board DRAM; up to 512 
Kb EPROM; two RS-232-C serial 
ports; two 16-bit timers; master/ 
slave interface; MP control and 
status registers; system controller 


MVME135-1 Same as MVME135, but with 
20-MHz MC68020 CPU 


MVME136 Same as MVME135, but with 
MC68851 PMMU 


Se 


OS-9 is a trademark of Microware Systems Corporation. MTOS 
is a trademark of Industrial Programming Inc. PDOS is a trade- 
mark of Eyring Research Institute, Inc. pSOS is a trademark of 
Software Components Group. RTUX is a trademark of Emerge 
Systems. VRTX is a registered trademark of READY SYSTEMS. 
VERSAdos is a registered trademark of Motorola, Inc. UNIX 

is a registered trademark of AT&T. 


MOTOROLA Microcomputer Division 


Approaching our technology from your point of view. 
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AUDIO 
TEST AUTOMATION 
THE EASY WAY 


COMPREHENSIVE AND COMPETENT: Audio Precision’s System 
One fills audio production test needs -- at industry - leading 
performance levels. System One measures: harmonic, inter- 
modulation (including dynamic), quantization distortion and 
SINAD; wideband or selective amplitude and noise; phase; fre- 
quency; wow and flutter; dc Volts and resistance. Guaranteed 
performance <0.001% total system distortion; 0.05 GB flatness; 
1.5 microvolts noise. 


PAINLESS SOFTWARE: Software ease and speed may outrank 
performance. Tests set up in minutes via on-screen instrument 
panels. Acceptance limits created in minutes. Tests linked 
together into procedures in minutes, without knowledge of pro- 
gramming languages. Complete test procedures are thus 
done in minutes-to-hours, not weeks-to-months typical with 
other test systems. 


PRODUCTION ORIENTED: Audio Precision’s signal switchers let 
you test up to 192 inputs and outputs of single or multiple 
devices. System One supports prompts to the operator control 
of device under test or external devices, graphic or tabular hard 
copy of test results or error tags, disk storage of test data in 
formats compatible with most other software. 


AFFORDABLE: Best of all, System One is priced competitively 
with lower-performance, slower audio test systems. The savings 
in software development alone pay for the whole system in the 
first few months. If your goal is testing products rather than 
writing software, System One gets you there! 


Call or write Audio Precision today for complete 
technical data and prices on System One. 


Audio, 
precision 


RO. Box 2209, Beaverton, OR 97075 


TO 


enema 
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CALENDAR 


2nd International Conference on 
Architectural Support for Pro- 
gramming Languages and Operat- 
ing Systems (ASPLOS-II), Palo 
Alto, CA. Martin Freeman, Signet- 
ics Corp, 811 E Arques Ave, Sunny- 
vale, CA 94086. (408) 991-3591. Oc- 
tober 5 to 8. 


IEEE International Conference 
on Computer Design: VLSI in 
Computers and Processors, Port 
Chester, NY. Michael Wayne, IBM, 
Dept B34, Bldg 901-3, Box 390, 
Poughkeepsie, NY 12603. (914) 432- 
5211. October 5 to 8. 


Invitational Computer Conference 
Computer Graphics Series, Irvine, 
CA. BJ Johnson & Associates, 3151 
Airway Ave, #C-2, Costa Mesa, CA 
92626. (714) 957-0171. October 13. 


IEEE Fifth Biennial Careers Con- 
ference, San Diego, CA. IEEE, 
1111 19th St NW, Suite 608, Wash- 
ington, DC 20036. (202) 785-0017. 
October 14 to 16. 


6th Annual Pacific Northwest 
Computer Graphics Conference, 
Eugene, OR. University of Oregon 
Continuation Center, 1553 Moss St, 
Eugene, OR 97408. (503) 686-3537. 
October 25 to 27. 


Expo SMT, Las Vegas, NV. Expo 
SMT, Box 1869, Los Gatos, CA 
95031. (408) 354-0700. October 26 
to 29. 


International Fiber Optic Com- 
munications and Local Area Net- 
works Exposition, Anaheim, CA. 
Information Gatekeepers, 214 Har- 
vard Ave, Boston, MA 02134. (617) 
232-8111. October 26 to 30. 


Government Microcircuits Appli- 
cations Conference (GOMAC ’87), 
Orlando, FL. Palisades Institute for 
Research Services, 201 Varick St, 
New York, NY 10014. (212) 620- 
3371. October 27 to 29. 
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he CAE tool with fully interactive 
analog simulation for your PC. 


@ Transient, AC, DC, and FFT routines 
M@ Op-amp and switch models 

™@ Spec-sheet-to model converter* 

@ Printer and plotter* hard copy 


Spectrum Software’s MICRO-CAP II® is 
fast, powerful, and feature rich. This fully 
interactive, advanced electronic circuit 
analysis program helps engineers speed 
through analog problems right at their 
own PCs. 

MICRO-CAP II, which is based on our origi- 
nal MICRO-CAP software, is a field-proven, 
second-generation program. But it’s dra- 
matically improved. 


Transient Analysis 


component values, and run worst-case ~ FRE In We 

scenarios—all interactively. And a 500-type* : a SO cut ee 
library of standard parts is at your finger- ° a eee aes caa 
tips for added flexiblity. 

MICRO-CAP II is available for IBM® PCs 
and Macintosh.” The IBM version is CGA, 
EGA, and Hercules® compatible and costs 
only $895 complete. An evaluation version 


is available for $100. Call or write today for 1021 S. Wolfe Road, Dept. E 
Schematic Editor our free brochure and demo disk. We'd like Sunnyvale, CA 94087 
to tell you more about analog solutions in (408) 7 38-4387 


MICRO-CAP II has faster analysis routines. 


Better resolution and color. Larger librar- the fast lane. 


ies. All add up to a powerful, cost-effective @ Integrated schematic editor a ala dl ech lac aes 
of Spectrum are. 
CAE tool for your PC. @ Fast analysis routines Macintosh is a trademark of McIntosh Laboratory, Inc. 


and is being used with express permission of its owner. 


The program has a sophisticated inte- @ High-resolution graphic output eae en 
‘ ‘ ‘ ercules is a registered trademark 
grated schematic editor with a pan capa- @ Standard parts library of 500* types of Hercules Computer Technology 
ili IBM i istered trad k 
bility. Just sketch and analyze. You can step “IBM versions only. baie pares eam 
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— x TOP GUN x— 


The World's Fastest Byte-Wide CMOS SRAMs 


When you need SRAM speed— 
I feel today— call the company that not 
Howvieed TT only takes orders, but delivers. 
for speed!” byte-wide SRAMs Performance’s 0.7 micron 
from Performance!” PACE II™ technology has set the 


standard for memory speed. These 
byte-wide SRAMs are dense as 
well as fast—they all come in the 
popular 300 mil packages. 


For applications committed 
to high speed signal processing, 
graphics, microcomputer memory, 
cache, and writeable control stores 
you cant beat Performance’s 
performance. 


| QMOSSRAMs Com! Mil Avail 


20ns 


25ns Now 


Now 


| P40116 2Kx8 ~ 15ns 
P4C164 8Kx8 20ns 
P4C163 8Kx9 20ns = 25ns Nov. 


Fast, Cool, & Affordable 


When you feel the need for 
speed, there's only one top gun: 
Performance. 


Call or write for details: 
Performance Semiconductor, 
610 E. Weddell Drive, Sunnyvale, 
CA 94089. Telex: 6502715784 
FAX: 408-734-0258 
Telephone: 408-734-9000 


PERFORMANCE 


SEMICONDUCTOR CORPORATION 


© 1987 Performance Semiconductor Corporation. PACE Technology 
is a trademark of Performance Semiconductor Corporation. 
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CALENDAR 


Unix Expo, New York, NY. Nation- 
al Expositions Co, 49 W 38th St, 
New York, NY 10018. (212) 391- 
9111. October 27 to 29. 


Hands-On Expert Systems Design 
and Development (short course), 
Anaheim, CA. Integrated Comput- 
ear Systems, Box 3614, Culver City, 
CA 90231. (800) 421-8166; in CA, 
(213) 417-8888. October 27 to 30. 


Hands-On Graphics Programming 
Using GKS/VDI Tools (short 
course), Boston, MA. Integrated 
Computer Systems, Box 3614, Cul- 
ver City, CA 90231. (800) 421-8166; 
in CA, (213) 417-8888. October 27 
to 30. 


Designing Signal Processors with 
DSP and Bit-Slice Chips (short 
course), Washington, DC. Inte- 
grated Computer Systems, Box 
3614, Culver City, CA 90231. (800) 
421-8166; in CA, (218) 417-8888. No- 
vember 38 to 6. 


Hands-On Microprocessor Soft- 
ware, Hardware, and Interfacing 
(short course), Los Angeles, CA. 
Integrated Computer Systems, Box 
3614, Culver City, CA 90231. (800) 
421-8166; in CA, (213) 417-8888. No- 
vember 8 to 6. 


Advanced SMT Design Techniques 
(short course), San Jose, CA. Sur- 
face Mount Technology Plus, 1786 
Technology Dr, San Jose, CA 95110. 
(408) 943-0196. November 16 to 17. 


Designing Signal Processors with 
DSP and Bit-Slice Chips (short 
course), Anaheim, CA. Integrated 
Computer Systems, Box 3614, Cul- 
ver City, CA 90231. (800) 421-8166; 
in CA, (213) 417-8888. November 17 
to 20. 


9th Interservice/Industry Training 
Systems Conference, Washington, 
DC. Ralph Nelson, ADPA, Rosslyn 
Center, Suite 900, 1700 N Moore St, 
Arlington, VA 22209. (703) 522-1820. 
November 30 to December 2. 


EDN September 17, 1987 


The Real 
World Runs 
on Real Time. 


Modern intelligent systems require real 
time response and high efficiency. That's why OS-9/68000 
has been the designer's choice in thousands of the most demand- 
ing real-life applications. 
OS-9 is very compact, highly adaptable, and fully ROMable. It’s 
C source code compatible with Unix, and it's supported by a wide range 
of outstanding software tools, including graphics and networking options. 
Many leading suppliers of 68000 and 68020 based systems offer ready-to-run 
OS-9 packages for their products. Or you can use a Microware PortPak to 
install OS-9 on your own custom hardware. 
When microseconds count, you can count on OS-9. 


OS-9/68000"— The Emerging suai 


—Mmucrnuwae— 


Microware Systems Corporation 
1866 NW. 114th Street ¢ Des Moines, lowa 50322 
Phone 515-224-1929 © Telex 910-520-2535 
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How much would you 
expect to pay for a rugged, 
solid state pressure 
transducer with 0.3% 
accuracy and guaranteed 
interchangeability? 


Think again. Here’s a unique combination of 
accuracy, reliability and repeatability. At a very 

| competitive price. Give us a rough idea of your 
3 _ needs and we'll show you how competitive we can be. 
; 7 The IPT transducer features a silicon sensing 

| element, electrostatically bonded to a glass pedestal, 
in a corrosion-resistant housing and laser trimmed 
for accuracy. An exhaustive 100% testing 

program gives you performance you can count on. 
Available in six ranges from 0-15 to 0-300 psi, and 
a choice of millivolt or voltage outputs. 

Find out how affordable high reliability and 

high repeatability in a rugged package can be by 
contacting AMETEK, Controls Division, 820 
Pennsylvania Blvd., Feasterville, PA 19047. 
(215) 355-6900. 


AMETE 


CONTROLS DIVISION 
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How to improve 
your memory. 


Get 1 Mbit of RAM in a credit-card size cassette. _ 
_ The DuPont Memory Cassette System | is the first _ 
system of its size to deliver up to 1 Mbit of memory. 
___ It gives you everything you can ask for—size, speed, 
— a ee eee 7 
7 While other types: of data storage mediamay 
~ have slightly more memory, you can fit multiple 7 


tional drive systems. ‘These cas- 

_ settes can provide greater memory 
and direct access to your data. And 
they're faster too—about 10‘ times 
faster, in fact. 

Unlike floppy disks, the cas- 
sette protects closed architectures 
and virtually eliminates copying. —— 
With a long- life replaceable lithium battery, to avoid 
erasure during power failures. And the cassette | 
is designed to offer protection from electromagnetic 
interference and electrostatic discharge. 
We've put all those features in a really tough | 
package—the connector | is rated for 10,000 mating © 
cycles minimum; tested up to 50, 000 cycles—to 
create a truly unforgettable system. Perfect for your 
every application, RAM or ROM. The Memory Cas- 
— Sette: System will allow you to save on components, 
save on space, and still design amore versatile product. 
| We'll be glad to tell you more. Just call 1- 800- 
527- 2601, for our free brochure. But call now, 
while it’s fresh I in your memory. | 


DuPont Electronics 


Share the power of our resources. 
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LANGUAGES" 


8051, oo . Assemblers 
8048 family, Pascal Linkers 
8080, 8085, | FORTRAN Locaters 
- 8086/ se , oe 
and 80286. Assembler Symbolic 
on, “i oe 
-6800/2/8, Source level 
-6809/9E, debuggers 
-68000/8/10 Emulators 
and 68020 


280, MK3880/4 
and Z8001/ 2/3 


- . a s00.tt~” 
or host-con irl system of fully integrated debug tools 


me idea of the power and Call toll- free and ask for 
nce we ¢ can offer you, but ‘the proof. 
Discover why our integrated 
development systems are the fast- 
est and easiest ways to start and 
finish a design project. For techni- 
cal and application details call 
1-800-426-3925. In Washington, 
~ call (206) 882-2000. Or write 
Applied Microsystems Corporation, 
PO. Box 97002, © | 
Redmond, WA 98073-9702. 


In Europe, contact Applied Microsystems 
Corporation Ltd., Chiltern Court, High Street, 
Wendover, Aylesbury, Bucks, HP22 6EP, 

United Kingdom. Call 44- (0)-296-625462. 


UNIX: isa. registered trademwark of ATET. 


. C you ve ve thes same 
er of the va 
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in the blink ofan eye. 


Get video speed, low power consumption, 
high resolution and superior price/performance 
with our new CMOS data converters. 


We've expanded our line to include more CMOS flash 
ADC's, a charge balancing ADC, an SPIADC anda DAC. All 
featuring single 5V supply operation. 

We also offer a new high-speed op amp especially well- 
suited to driving ADC’s or video cables. 


4, 6 and 8-bit CMOS flash ADC's. 

Choose from 4, 6 and 8-bit ADC’s. All operate at video 
speeds, with clocking speed and input bandwidth specified at 
5V. What makes these flash ADC’s special is silicon-on- 
sapphire construction, resulting in low cost, high speed, very 
lowinput capacitance, low power consumption and inherent 
latch-up resistance. 


10-bit CMOS charge balancing ADC. 


This 10-bit successive approximation ADC captures fast 
moving signals, providing excellent resolution. 

It features a built-in fast track and hold, with conversion 
rates of 150 KHz and an input bandwidth of 1.5 MHz. Even at 
the maximum rate, power consumption is less than 20 mW. 


10-bit CMOS serial ADC. 

The CDPHC68A2 is selectable for either 8- or 10-bit reso- 
lution and has an 8-channel multiplexer allowing up to 
8 channels of inputs. The device can be used directly with our 
CDP68HC05C4, C8 or D2 microprocessors or other similar 
SPI (Serial Peripheral Interface) buses. 

98-bit CMOS R-2R video-speed DACs. 

These CMOS/SOS digital-to-analog converters operate 


from a single 5V supply at video speeds and can produce “rail- 
to-rail” output swings. Typical update rate is 50 MHz. Settling is 
fast (20 ns typical) to 1/2 LSB. “Glitch” energy is minimized by 
segmenting and bar graph decoding of upper 3 bits. 

High-speed op amp. 

Specially designed for use with data converters, the 
CA3450 op amp has excellent speed and transmission line 
driving capabilities. 

For 10-bit accuracy, it settles to within 1/2 LSB in 40 ns with 
a 2V input signal. And it can drive up to four 50 ohm 
transmission lines. 


Res. Bits Conv.Rate Hz Power Diss. (MW) Pkg. Leads 1K Price 
| — ae 


OP AMP Pkg Leads _1K Price _ 


Data in a flash. 

For data sheets of these new products, call toll-free 
800-443-7364, extension 19. Or contact your local GE Solid 
State sales office or distributor. 


In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0. 


GE/RCA/ Intersil Semiconductors 


These three leading brands are now one leading-edge company. 
Together, we have the resources —and the commitment — 
to help you conquer new worlds. 


IO 


53 


You do. 

We do. 

On one hand, there’s your 
drive to find new applications 
and new markets. On the other, 
there’s our drive to meet your 
needs. 

And as partners, we both end 
up in the lead. 

You give us the impetus to 
stay a generation or more ahead 
of the competition. And we give 
you the products to do the same. 

Like our high-performance, 
high-capacity Winchester drive 
families, from 85MB to 760MB. 
And our first high-capacity opti- 
cal product, a 54-inch, 8300MB 
WORM drive. 

So keep pushing us. 

Because the further you drive 
Maxtor, the further we'll drive 
you. 

Maxtor Corporation, 211 
River Oaks Parkway, San Jose, 
CA 95134, (408) 432-1700, 
TELEX 171074. 

Sales offices: Austin (512) 
345-2742, Boston (617) 872-8556, 
Orange County (714) 472-2344, 
New Jersey (201) 747-7337, 

San Jose (408) 435-7884, Woking, 
England (44)/4862-29814. 


Mapdor 


Distributed by: Anthem Electronics, Inc., Lionex Corporation, Pioneer-Standard Electronics, Inc., Quality Components, Inc., Storex Corporation. 
© 1987, Maxtor Corporation. 
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EDITORIAL 


Get on line 


EDN September 17, 1987 


Years ago computer-industry specialists predicted a paperless fu- 
ture, and the paper industry saw the possibility of rapidly dwin- 
dling markets. They need not have worried. Often when someone 
buys a personal computer, they also buy a printer. They ought to 
buy a modem too. 

For all the talk about high-speed phone-line communications, it’s 
surprising that more people don’t take advantage of MCI Mail, 
Western Union’s Easylink, the Source, and other such services. 
During the Iran-Contra hearings in Congress, for example, | 
thought I’d send a letter to several elected officials. Well, it was a 
surprise to find that the White House isn’t equipped to accept 
electronic mail. Neither are our Massachusetts senators. If you’re 
an electronic-mail subscriber, try sending a message to your con- 
gressional representative or your senators. I’ll bet they aren’t 
connected to the system either. Some people just like paper. 

However, many businesses realize that some communications are 
best handled by electronics. Texas Instruments operates its own 
electronic bulletin board for digital-signal-processing (DSP) infor- 


mation. You can reach it by calling (713) 274-2323. You’re then able | 
to download TMS320 DSP programs as well as exchange programs — 


with other users. You can get other sorts of product information as 
well: Intersil furnishes on-line information about its products. Just 
have your computer dial (800) 345-7335, or (203) 852-9201 in CT, and 
type in the response code GEISIOAC. In the future I think we'll find 
more and more companies handling product inquiries, customer 
service, and routine messages by electronic mail. If you don’t have a 
modem on your computer, this might be the time to consider buying 
one. 

Although it doesn’t take long to become familiar with electronic 
mail, you must pay attention to what you do. Several years ago, 
after typing addresses and part of a message into an electronic-mail 
system, I had to ask the system for help. Not receiving any 
assistance after three tries, I hung up my phone. Early the next day 
I got a call from one of the people I tried to contact. “Jon,” he said, 
“I got the strangest message from you. All it said was, ’Gentlemen, 
this is to inform you... HELP, HELP, HELP.’” Electronic mail 


can get people’s attention too. 4 


Jon Titus 
Editor 
(MCI ID: 307-8880) 
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A 1.5A48V BRIDGE DRIVER 
THAT NEEDS NO HEATSINK. 
WHO CAN DELIVER? 


No 


Other manu- 2° Ze automatic insertion 


facturers : machines. And 
mayhave “ by using 6 of 
it on —_ : the package 
paper, Se CONTROL oO pins as a 
but only 5VE : ‘ | dedi- 
SGS hasitin 9 f/ / 2» cated 
stock. heat 
This unique path, 
Bipolar/ ca 2 
CMOS/DMOS, Of small area of 
smart power inte- TE the PCB copper 
grated circuit lets you put WeS:74e74a=]allele) =a eye Tas Mag sense dissipates 
a full 70 watts into your theheat. 
stepper or DC motor and But that’s | 
control it directly from TTL, CMOS or not all. The L6202 Bridge Driveris = 
even a micro. just one of manyICsbasedonSGS sy 
The high efficiency of the DMOS Multipower-BCD technology. This ae 
output stage reduces on-chip dissipa- unique smart power capability is bring- 
tion to an extremely low level, so you ing you a whole AS 
can do away with heatsinks or costly new generation of | Absolute Maximum | 
forced air cooling systems. Think of devices with Ratigs, 
the reduced assembly costs and improved per- Imax = SA 
increased reliability. formance levels be | oe 
Then think about cutting assembly and application Vsmax ga 
costs even further. potential. NkHz 


Fswitch 


The L6202 comes in a standard out- 
line DIP so you can use your regular 


CORPORATE HEADQUARTERS ° SGS Microelettronica SpA, Via C. Olivetti 2 - 20041 Agrate Brianza - Italy. Tel: 039-65551 Telex: 330131-330141 SGSAGR 
SGS is present in Australia, St. Leonards, Tel: 02-4385388 « Benelux, Eindhoven (NL), Tel: 040-433566 « Brazil, Sao Paulo, Tel: O11-883-5455-Denmark,  —_T 
Herlev, Tel: 02-948533 « France, Montrouge, Tel: 01-47460800 - Hong Kong, Hunghom, Kowloon, Tel: 03-644251/6 « India, New Delhi, Tel: 6414537 « Italy and | 

South Europe, Assago (MI), Tel: 02-8244131 + Japan, Tokyo, Tel: 03-3788161 Korea, Mapo (Seoul), Tel: 02-7167472/3 - People’s Republic of China, Beijing, 

Tel: 507766 « Singapore, Tel: 482-1411 * Spain, Madrid, Tel: 01-7337043 « Sweden, Marsta, Tel: 0760-40120 * Switzerland, Grand-Saconnex (Geneve), Tel: _ oe 
022-986462/3 - Taiwan-Republic of China, Taipei Sec 4, Tel: 2-772 8203 * United Kingdom, Aylesbury, Tel: 0296-395977 + USA, Phoenix, Tel: (602) 867-6100 
West Germany, Grafing bei Miinchen, Tel: 08092-690. | >. 


© 1987 SGS. All rights reserved. ® SGS is a registered trademark of the SGS Group. ™ The brighter power is a trademark of SGS. . : 
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THE BRIGHTER POWER 


i 


SGS’ unique Multipower-BCD technology—t 
CMOS, DMOS—has a lot more to offer. What ot 


power transistors as you neec 
way you like? None. : 
That's just one example o 
smart SGS power really is 
16202 is just one of 
smart power produ 
To get the full s 
on SGS Multipo 
BCD technol 
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Cost-effective 
high voltage 


power MOSFETs 
you can 


depend on 


1000V 


Some so-called high voltage power 
MOSFETs just can’t seem to deliver what 
they promise. But HEXFETs offer 1000V. _ S0uA/Vert. div. 
exceptional stability in three new optimized a fae ee ee 
high voltage families: 800V, 900V and 1000V. 


Each voltage is paired to a specific Rds(on) 
value for the best cost-per-amp ratio. So 
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you Can spec just what you need without a ~~ fo Po 
straining your design budget. f spond ~ teh Tobe Sea 
Our high voltage TO-3 HEXFETs can handle | ate eae eee me 
; ' HTH HEHEHE TE Ht HHH HHH 
your heavy industrial and hi-rel require- | | "| f ¢ ¢ f $F || 
ments. For less demanding applications, pane pennetnn tetera t ++ - 


you can choose TO-220 or TO-3P case styles. 
No matter how you mix and match these 
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HEXFETs, they all provide faster switching — uO aoe mur a oo oe 
and high blocking voltage capabilities. Plus ore eee + : i 
guaranteed repetitive avalanche and ae a. ! 
dynamic dv/dt ratings — two extra safety ae a oe ‘200V/Horz. « div 
margins at no extra cost. SRR ON | | 
The complete HEXFET power MOSFET line f 5 ter 1000 hours of HTRB 


is described in our new 1987 catalog. Write ge with no current Teakage 


for your free copy. Or call (213) 607-8842. 


Available Packages With Corresponding Rds(on) Values 


TO-3 and TO-3P 


International 
Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST,, EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND TELEPHONE (0883) 713215. TELEX 95219 


Power MOSFETs * CMOS Power ICs - Commercial/Custom Power Packages « Schottkys 
Rectifier Diodes - Thyristors (SCRs) * Diode Bridges « Molded Circuits - Assemblies 


CIRCLE NO 128 


TECHNOLOGY UPDATE 


Automatic test generators for PLDs 
clean up your logic designs 


Charles H Small, 
Associate Editor 


If you’re a design engineer who 
doesn’t develop a comprehensive set 
of test vectors for your program- 
mable logic devices (PLDs), you’re 
not only passing a tricky problem on 
to the test department, you’re also 
shortchanging yourself as a design- 
er. At first glance, developing vec- 
tors for testing PLDs might seem 
like a problem for test engineers 
and not for designers. But if you 
submit a PLD design to a test- 
vector-generating program, the 
program’s fault-coverage and testa- 
bility report could identify areas 
where your design could be im- 
proved. 

Several kinds of untestability can 
creep into your designs if you’re not 
eareful. First, if you don’t do 
Karnaugh maps, you can leave re- 
dundant logic terms in your design. 


ADR STROBE °@ 
MULTIPLEX 


DATA STROBE 


ADR STROBE ° 


MULTIPLEX 


Redundant logic means that, in 
some cases, a failure of one of the 
redundant terms won’t appear at 


_the device’s outputs because the 


other term will continue to supply 
the correct output. Although an un- 
detectable fault may not keep the 
device from functioning properly in 
a circuit, devices with such faults 
are marginal and ought to be 
weeded out—except, of course, that 
you can’t detect them. Often, you 
can render a device 100% testable 
simply by minimizing the logic 
equations that specify the PLD’s 
design or by adding a test pin 
(Fig 1). | 

Besides causing redundancy 
(which, in truth, you must some- 
times design into a device to elimi- 
nate logic hazards), you can also 
create difficulties for test engineers 
by designing PLDs that can’t be 
reset to a known state. The classic 
example is the D flip-flop used as a 
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simple divide-by-2 divider. Even 
such a simple digital-logic element 
as this divider will baffle logic simu- 
lators and system-level ATE unless 
you’ve included a reset function that 
can force the element to a known 
initial state at the beginning of a 
test sequence. 

Using an automatic test-generat- 
ing program not only lets you devel- 
op a comprehensive set of test vec- 
tors, it also helps you create a 
testable device and identify any de- 
sign errors or redundancies at the 
design stage. Test engineers can, of 
course, use the vector-generating 
programs to develop test vectors 
themselves if you do not, but they 
can’t redesign parts for testability. 

Note also that automatic test-vec- 
tor generators can’t guarantee 100% 
fault coverage in all cases, so you 
might sometimes have to accept a 
less thorough test. In the final anal- 
ysis, you have to decide just how 
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Fig 1—To illustrate how a design would evolve from a simple function, through a workable design, to a testable design, consider a simple 
multiplexer (a). This initial design could exhibit a glitch because of the delay introduced by the inverter in the Multiplex line. A logically 
redundant AND gate (b) eliminates the glitch but renders the device less than 100% testable. An added Test pin (c) allows a tester to check both 
paths of the redundant logic. (Example courtesy Data I/O FutureNet) 
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Zax Corporation 


E-R-X Emulators from ZAX: 
FOUR reasons why THREE 
letters make remarkable sense 
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ZAX ERxX-series Emulators for Z80, 6301/3, 64180, 68000/10, 80186/188 


> ONE: Connectivity. While it may be the latest buzzword in system integration, what it means 
for you is the ability to economically and efficiently utilize your existing personal computer 
(AT-class) as both a host coding station and emulation manager. This consolidated approach to 
system control not only eliminates the confusion of working in two different development 
environments, it places everything in a localized area where you normally work—the console 
screen. And by using a standardized mnemonic command format, you don't need to learn 
emulator-talk as a second language. 

p> TWO: Added Commands. ERX emulators feature over 80 debugger commands, including 
several high-level language debug commands, to supervise your most demanding projects. Besides 
256,000 breakpoints (defined by your attributes: symbol name, address, data value, memory 
type, etc.), there are also commands to simulate a subroutine, perform timing analysis, evaluate 
the completeness of program execution, and monitor program flow during emulation. And just 
like our ICD-series emulators, ERX emulators contain a deep real-time trace buffer and abundant 
emulation memory. 

B® THREE: Module Design. Two interface cards (dependent on processor bit size) mean you've already 
purchased half of your next emulator when you obtain your first ERX emulation system. After 
installing the interface cards in your computer, you need only purchase a different emulation pod 
to match your new processor. This common-component design not only eliminates hardware 
redundancy, but keeps expansion costs down. 

p> FOUR: Space-saving Size. By sharing components and circuitry in your computer, ERX emulators 
remain among the lightest and most compact designs in the industry. In fact, ERX emulators are 
typically 15% lighter and up to 40% smaller than comparable units, making them ideal for on-site 
testing. And their modular construction allows them to conveniently interface to both detached and 
pre-constructed target systems alike. 


ZAX ERX-series Emulation Systems. Remember, for all your 
development needs, it’s as easy as One, Two, Three...Four! 


To order any ZAX Emulator or for more complete information on our product line, call us 
TOLL FREE at 800-421-0982 (in California phone 800-233-9817) or write to ZAX CORPORATION, 
2572 White Road, Irvine, CA 92714. In Europe, call (49) 2162-32034. 
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much quality you need. You must 
determine the minimum acceptable 
quality level (AQL) you can afford to 
purchase in terms of extra engineer- 
ing time, manufacturing steps, and 
test equipment. 

Although you, as a design engi- 
neer, can use vector-generating pro- 
grams to your benefit, the programs 
were not developed as design aids. 
Rather, they were developed for 
test engineers, who have been clam- 
oring for a method of performing 
device and in-circuit testing of 
PLDs that’s as easy to do as testing 
nonprogrammable parts. Test engi- 
neers can generally get canned de- 
vice tests for nonprogrammable 
parts (except for the very newest 
parts) from their ATE suppliers. 
That way, they don’t have to depend 
on input from the design depart- 
ment. 

Fuse-programmable PLDs, how- 
ever, defy this handbook-jockey ap- 
proach for two reasons: First, they 
are untestable at incoming inspec- 
tion until programmed, and second, 
after programming, each design has 
a different function. Further, it’s 
not uncommon for the function of a 
PLD to change and for the part to 
be reprogrammed during the life of 
a product. The test-vector genera- 
tors attempt to give test engineers a 
test suite for programmable parts, 
so they don’t have to consult the 
designer. 

Curiously, PLD - programmer 
makers report that a considerable 
fraction of PLD users do little or no 
testing of PLDs and do not take 
advantage of the functional-test ca- 
pabilities that virtually all PLD pro- 
grammers have as standard fea- 
tures. This low degree of testing is 
curious because of the relatively low 
AQL (acceptable quality level) of 
PLDs compared with other ICs. For 
example, Japanese dynamic RAMs 
exhibit failure rates of 50 to 75 ppm. 
Early PLDs, on the other hand, had 
only 90% programming yields—an 
astronomical 10,000-ppm failure 
rate. 

Granted, PLD makers have taken 
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There’s a lot more to a PLD than its fuse 
matrix. In this microphotograph of a 22V 10, 
the fuse matrix comprises the dark, rectan- 
gular areas just to the left of center. Simply 
verifying that the fuse matrix has been pro- 
grammed correctly is not a complete test of a 
PLD, because failures could exist elsewhere 
in the device. (Photo courtesy Cypress Semi- 
conductor, San Jose, CA) 


steps to improve their manufactur- 
ing processes and have incorporated 
test circuitry on their PLDs that 
can be checked before they ship the 
parts. But, unless you first test your 
PLDs after programming, then 
burn them in, and finally retest 
them after burn-in, the PLDs will 
still exhibit higher failure rates than 
do other digital ICs. 

Furthermore, PLDs _ passing 
through an assembly plant don’t 
have the same statistical distribu- 
tion of failures as do other digital 
ICs. Instead of failing at a uniform 
rate, PLDs tend to be very good for 
long periods of time. Then, sudden- 
ly, their failure rate shoots up for a 
short time, only to fall again. Per- 
haps the spells of low failure rates 
lull PLD users into thinking that 
their devices don’t need thorough 
testing. 


Don’t confuse PLDs with PROMs 


At the low end of the testing 
range are firms that, at best, simply 


check the programmed PLD’s fuse 


matrix against the fuse map in the 
device’s JEDEC file. These users 


could be confusing a PLD with a 
PROM. Checking a PROM’s fuse 
map is exactly equivalent to check- 
ing every memory location and 
hence constitutes a complete check 
of the chip’s functions. Checking a 
PLD’s fuse map, on the other hand, 
verifies only a small fraction of the 
device’s total circuitry. 

Further up the scale are PLD 
users who take advantage of the 
test-vector extensions in the 
JEDEC file and the functional-test 


capability of most PLD program- 


mers by downloading a set of so- 
called test vectors to the PLD pro- 
grammer. That way, the PLD 
programmer can not only check the 
programmed device’s fuse map, but 
also exercise the part at low (virtu- 
ally de) speed. 

In many cases, however, these 
so-called test vectors are simply a 
set of vectors devised by the design 
engineers (perhaps with the aid of a 
PLD-simulation program) to verify 
that the programmed PLD re- 
sponds properly to its expected in- 
puts. This approach reveals the dif- 
ference in mindset between design 
and test engineers: The design engi- 
neer looks for what goes right with 
a device; the test engineer looks for 
what goes wrong. 


Vectors find hidden faults 


Although you should never throw 
any vectors away—a complete set of 
test vectors generally includes the 
design vectors—you often need to 
supplement the design vectors with 
additional test vectors. You need the 
additional vectors in order to be 
sure that the chip not only works as 
expected but also that it doesn’t 
have some hidden fault that will 
cause it to work in some unexpected 
way. 

To understand why you need addi- 
tional test vectors, consider a simple 
example. Imagine that you have de- 
signed a registered PAL device as a 
simple latch. Next, suppose that 
during programming not all of the 
proper fuses are cleared. Perhaps 
the PLD circuitry is defective and 
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doesn’t respond properly to a fuse- 
map check, or perhaps the program- 
mer hasn’t completely cleared the 
fuses, or perhaps even the fuses 
have grown back. Now, for whatev- 
er reason, the device has some feed- 
back paths that have been left ena- 
bled from its registered outputs 
back into its AND-OR matrix. In- 
stead of a simple latch, what you 
now have is really a sequential state 
machine. 

The set of test vectors for testing 
a latch is very simple. However, a 
set of vectors that would check for 
every possible programming fault, 
and thereby discover the unwanted 
state machine, would be much 
larger. 


Develop test vectors by hand 


You can do a testability analysis of 
a PLD manually and develop a set of 
comprehensive test vectors by hand. 
The simplest and oldest PLD-design 
software package, Palasm, won’t 
generate test vectors automatically, 
but it will check a set of manually 
developed vectors for fault cover- 
age. But the regular, simple struc- 
ture of PLDs virtually demands 
computer-aided test-vector genera- 
tion. 

At present, only three test-vector 
generators are available. However, 
several firms engaged in various as- 
pects of programming and testing 
PLDs are readying additional test- 
vector generators now. You can ex- 
pect that the number of such prod- 
ucts on the market will have at least 
doubled by next year. 

Two of the available programs, 


Data I/O FutureNet’s PLDtest and 


Structured Design’s TestPLA, run 
on computers as small as IBM PCs 
and generate functional-test vectors 
for PLD programmers. The third, 
Teradyne’s Circuit Breaker, is a 
preprocessor for the firm’s powerful 
digital simulator, Lasar. Circuit 
Breaker develops not only function- 
al-test vectors, but also tests that 
verify the at-speed timing parame- 
ters of PLDs. This extra feature 
obviously suits the capabilities of 
Teradyne’s high-speed-device and 
in-circuit ATE. 


Model simulates PLD’s behavior 


The three programs begin their 
test-vector generating by analyzing 
the fuse map in a PLD’s JEDEC file 
to set up a computer model of the 
specified PLD. The model simulates 
the device’s behavior after pro- 
gramming. In other words, the pro- 
grams don’t depend on any informa- 
tion from the designer other than 
the bare minimum necessary to pro- 
gram the parts. 

Many things can go wrong with a 
PLD. But the test-vector genera- 
tors described here all base their 
fault analysis on so-called stuck-at- 
one (SA1) and stuck-at-zero (SAO) 
faults. Computationally, it’s easy to 
temporarily fix the output of a cir- 
cuit-model element at a high or low 
level; other fault mechanisms would 
be harder to simulate. 

Inserting SA1 and SAO faults in a 
PLD simulation and checking to see 
whether the fault is observable at 
the device’s outputs is a straightfor- 
ward but tedious process, so it’s 


best handled by a computer. The 


process consists of holding the out- 


For more information . . . 


For more information on the PLD test-vector generators deseribed i in this. 
article, circle the appropriate numbers on the Information Retrieval Service 


card or contact the following manufacturers nein 


Data I/O FutureNet 

9310 Topanga Canyon Blvd 
Chatsworth, CA 91311 
(818) 700-0691 

TWX 910-494-2681 

Circle No 701 
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Structured Design Inc _ 
988 Bryant Way — 
Sunnyvale, CA 94087 

(408) 988-0725 

TLX 172931 

Circle No 702 


Teradyne Inc 
321 Harrison Ave 
Boston, MA 02118 
(617) 482- 21000 
— TWX 710-321-1055 — 
Circle No 703 


FutureNet’s 


put of each modeled logic element 
either in a high (SAI) or low (SAO) 
state regardless of the state of the 
modeled logic element’s inputs. 
Then, the program looks back 
through the PLD’s outputs to see if 
that fault will affect the output. The 
circuit simulator applies a set of test 
vectors to the altered PLD model 
and checks to see whether the simu- 
lated outputs differ from the correct 
expected outputs now that the PLD 
has been altered. 

Although they can all handle com- 
binatorial designs, the programs 
differ significantly in the way they 
handle sequential designs. Data I/O 
PLDtest achieves 
100% fault coverage of sequential 
PLDs that have a preset function by 
using a simple, almost brute-force, 
approach. To get around the prob- 
lem of initializing state machines 
and thoroughly exercising all possi- 
ble paths through the state ma- 
chine’s states, PLDtest simply 
makes every other vector a preset 
vector. 

Because of this scheme, PLDtest 
does not have to contend with the 
state machine’s jumping from state 
to state, whether the state machine 
does so erroneously or according to 
design. Instead, the program pro- 
duces a set of test vectors that 
causes the PLD programmer first to 
jam a known state into the PLD’s 
registers, and then to apply an input 
vector to determine the PLD’s be- 
havior while in that known state. 

The catch in this approach is easy 
to find: Many of the newest, fastest 
registered PLDs do not have pre- 
load capability. PLD makers have 
tended to omit the preload function 
from the first examples of each new, 
faster generation of parts. Data I/O 
FutureNet claims that this lack of 
preload is a temporary phenome- 
non. The firm adds that PLD users 
have made their need for testable 
PLDs (ones having the preload 
function) very clear to device mak- 
ers, and that future, fast registered 
PLDs will incorporate the preload 
function. 
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There Will Still Be a Few Uses 
for Conventional ECL ASICs. 


Cold facts: now the highest-density ECL logic array runs at a 
cool 1/10 the gate power of competing devices. 


Raytheon’s ASIC design expertise 
and proprietary technology make 
conventional ECL arrays too hot to 
handle. The superior performance of 
the new CGA70E18 and CGA40EI2: 
the ECL logic array family with the 
highest density and the lowest power 
requirement now available. 


0 Superior performance: 300 pS 


delay and 300 u.W (typical gate) power 


dissipation deliver the industry's low- 
est speed-power product: <0.1 pJ. 
Toggle frequency 1.2 GHz (typical). 
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OC Highest density: 
CGAT0E18 — 12540 equivalent gates 
CGA40E12 — 8001 equivalent gates 


XC Lowest power: Industry’s smallest 
bipolar transistors result in power dis- 
sipation that is a fraction of conven- 
tional ECL at comparable propagation 
delays. Typical chip power dissipation 
of 3W to 5W. 


C1 Et cetera: Interface TTL, ECL 
(10K, 1IOKH, 100K), ETL. Customer 
access to proven, fully integrated 
CAD system. Commercial and mili- 
tary operating ranges. 
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Call Raytheon for access to the right 
ECL technology. We’re not blowing 
any smoke, and neither should your 
system’s performance. 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 


Access to the right technology 
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NEW 
2400 BPS 
CCT V.22 BIS” 
_ SINGLE-C wag e D 


FEATURES: 


— © One-chip multi-mode modem Ic for 
V.22 bis/V.22/V.21 and Bell 212A/ 


103 applications 


* FSK (300 BPS), DPSK (600, 1200 _ 
BPS), of QAM (2400 BPS) encoding 


¢ All modem functions included i in a 
single chip 


¢ Integrated DSP for high performance : 
adaptive equalizationreceive  —/ 


capability 


¢ Fully compatible with SSIK212, __ 


K221, and K222 1-chip modems 

* Interfaces directly with standard : 
microprocessors (8048,80C51_ __ 
typical) 


_ © Single +12V or +5V supply 
—¢ CMOS technology for low power 


consumption (120mW @ 5V) | 


Silicon Systems now offers the 
industry's most highly integrated 
modem IC—the SSI K224. It is a 
single-chip modem IC that provides _ 


all the functions needed to construct a 
V.22 bis compatible modem, capable _ 
of 2400 BPS full-duplex operation over 


dial-up lines. The SSI K224 offers 
excellent performance and a high level 
of functional integration in a single 28 © 


pin DIP. This device meets world-wide _ 
standards and supports all modes of 


operation, allowing both synchronous 
and asynchronous communication. 

The SSI K224 is ideal for use in 
either free-standing or integral system 
modem products such as lap-fops, 
PC's and portable terminals, or 
wherever full-duplex 2400 BPS data 
communications over the 2-wire 
switched telephone network is desired. 

The SSI K224 is pin and software 
compatible with the SSI K212, K221, 
and SSI K222 single-chip modem !C’s, 
allowing system upgrades with a single 
component change. 

For more information on the SSI K224 
and the complete SSI K-Series modem 
IC family, contact: Silicon Systems, 
14351 Myford Road, Tustin, CA 92680. 
Phone: ia 731-7110, Ext. 575. 
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PLDtest handles a wide range of 
PLDs. The firm expanded coverage 
recently, for example, to include 16 
input-registered and XOR PLDs. 
The IBM PC version of the program 
costs $1995; the VAX/VMS and Unix 
versions sell for $3495. 

Structured Design’s $895 
TestPLA handles 36 common 20- 
and 24-pin PLDs, including the 
20RA10. The firm claims the pro- 
gram can generate test vectors for 
sequential PLDs that don’t have the 
preset function. Like other test-vec- 
tor generators, it reports the per- 
cent of fault coverage and announces 
the total number of detected and 
undetected faults. The program can 
also detect redundancy in your de- 
sign. Besides offering an IBM PC 
version of the program, the vendor 
sells a version that runs on the DEC 
VAX under VMS. 

Teradyne’s $50,000 Circuit Break- 
er works with the AMD 22V10, the 
Signetics 828105 and 828167, and 10 
MMI PALs. Each device model costs 
$2000, and you also need a license 
for Lasar version 6 ($25,000 to 
$280,000, depending on the comput- 
er). 

Circuit Breaker sets up a device 
model that includes programmable 
delay elements in critical circuit 
paths. These delay elements do not 
model any of the actual functions of 
a good PLD. They exist to simulate 
process and programming faults 
that cause degraded signal paths 
and slow logic-gate operation. Thus, 
the program can check that timing 
problems, as well as functional prob- 
lems, are observable. 

Not all PLD manufacturers think 
that their devices require a custom 
set of test vectors. Altera, for exam- 
ple, has no test-generation software 
in its proprietary PLD-design pack- 
age. Nor do its proprietary PLD 
programmers have any test capabil- 
ity. The firm maintains that its UV- 
erasable EPLDs (erasable PLDs) 
are “100%” testable at incoming in- 
spection with a standard test. 

One standard test for EPLDs is to 
program the windowed devices as 


counters and then run them at high 
speed on a device tester. If the 
devices count sucessfully, you then 
erase them and put them in stock. 
The prohibitively long write/erase 
cycles of UV-erasable parts pre- 
cludes exhaustive testing and allows 
only this approach. 

You may well question whether 
this approach yields an adequate 
AQL. Off the record, users report 
no problems with Altera devices. 
But these same users employ the 
windowed devices only for engineer- 
ing development and plan to use 
one-time-programmable (OTP), 
nonwindowed devices in production. 
Thus, at least for some EPLDs that 
are in fact “nonerasable” (they come 
in packages that prevent erasure), 
you may still need custom test vec- 
tors. 

Electrically erasable PLDs 
(EEPLDs), on the other hand, could 
allow standardized, more exhaustive 
testing at incoming inspection be- 
cause of their shorter write/erase 
cycles. Such tests would require ex- 
pensive, high-speed testers because 
even the relatively simple function- 
al-test programs running on low- 
cost device programmers can take 
several minutes to execute. 

In connection with incoming test 
of erasable PLDs, it’s interesting to 
note that the test-engineering com- 
munity would like the ATE manu- 
facturers to write software that 
would allow ATE to both program 
and test PLDs. That way, manufac- 
turers could eliminate the PLD pro- 
grammer and its attendant device- 
handling step. Certainly, powerful 
device testers have the hardware to 
impress programming voltages and 
fuse-map files on a PLD; what’s 
lacking is the software. Whether 
ATE companies want to take on the 
burden of supporting the rapidly 
changing and expanding field of 
PLDs is a question that only time 
will answer. EDN 
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“THEY SAID NO ONE 
COULD PUT IT ALLON ONE CHIP” 


introducing the SSI K224 With Everything 
fou Want in a 2400 BPS Modem— With 
SP on Chip. 

“When we set out to design the universal 
nodem IC that would meet 300 to 2400 BPS 
norldwide standards, even some of our best 
sustomers were skeptical. We knew existing 
solutions took a handful of IC’s and separate 
SP’s for V.22 bis operation, requiring a lot of 
space and power. Our customers said they 
1eeded a single IC that would do it all, so if 
nas only natural that we would come up with 
1 chip that would meet their needs. 

“Here's what they asked for, and here's 
what the K224 gives them: V.22 bis, V.22, 
v.21, Bell 212A and 103 modes of operation 
for both synchronous and asynchronous 
communication; complete tone generation 
for DTMF, answer and guard tones; call pro- 
gress tone and handshake pattern detectors; 
and all the other functions needed to support 
intelligent modem designs. We integrated all 
these functions plus the DSP ona single 
chip—something no one else had attempted. 

“So our skeptics were almost right when 
they said no one could put it all on one chip— 
because so far no one else has. Maybe some 
day someone else will. Meanwhile, give us 
a call and take advantage of the jump we've 
got on our competition by getting the jump 
on yours.” 


SINGLE-CHIP MODEM | | 
INTEGRATED DSP FUNCTION. 


l= 


V., 42 bis L460 BP Sz 
tEY Low Power, 


Call Now! 
(714) 731-7110, Ext. 575 


For more information on the SSI K224, or 
the complete K-Series family of compatible 
modem IC’s, contact: Silicon Systems, 14351 
Myford Road, Tustin, California 92680. 
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INNOVATORS IN J INTEGRATION 


Steve Levy / Peicheng Ju 
Design Engineers 


“Where we design to your applications.’ 


Circle 60 for product information Circle 61 for career information 


THE 
FIRST 
-CUSTOM 


ARRAY. 


Smart Power Ks in 45 days. 


In just 45 days after you give us the 
layout of your breadboard (built from 
our Kits #1 and #2), we'll give you silicon 
smart power ICs tailored to your exact 
needs. For the first time, you can have 
smart power integrated circuits at a 
fraction of the cost of custom circuits. 


Now Power IC Designers Can Work Fast. 


Micrel'’s MPD8020 CMOS/DMOS Semi- 
custom High Voltage Array combines, 
CMOS analog circuits, TTL/CMOS com- 
patible high speed CMOS logic, and high 
voltage DMOS power drive circuits on 
one monolithic IC. 

This remarkable power IC array fea- 
tures 16 fully floating 100 volt, 200 mA, 
10 ohm vertical DMOS FETs, 16 high volt- 
age 115 volt P and N channel level shifters, 
linear op amps, comparators, band gap 
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reference, overtemperature protection, 
and 200 CMOS gates in an uncommitted 
gate array. 

The MPD8020 does for power IC 
designers what gate and linear arrays 
do for low voltage digital and linear ASIC 
designers, fast turnaround at reasonable 
cost. MPD8020 wafers are held at the last 
step before metallization. After the cus- 
tomer specifies the interconnect pattern, 
Micrel turns each IC into a proprietary 
smart power ASIC. And Micrel does all 
this for about one-sixth the cost of a 
custom IC. Further, as your needs grow, 
Micrel can quickly and economically 
change your semicustom chip into a full 
custom chip for even greater cost savings. 

A single +5 volt to +15 volt supply 
powers the logic and analog circuitry 
while the high voltage portion functions 
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OVER-TEMPERATURE SENSOR SCHMITT TRIGGER 


= La Le = 


the MPD8020 uses Mixed CMOS/DMOS/Bipolar Technology to provide 
he user true monolithic smart power management. 


yperate at +10 to +100 volts. The chip 

‘an also derive the +15 volt analog/digital 
supply from a 24V, 48V or 100V high volt- 
age supply. Also, an internal voltage pump 
-an be used to drive the high side gates 

yf the power N-channel DMOS FETs at 

5 volts above the +100 volt supply for 
ail-to-rail high voltage switching. 


Kits for Your Breadboard and 
Design Assistance. 
Two MPD8020 development kits are 
wailable from stock. MPD8020 Kit Part 
#1 demonstrates the operation of several 


Bi 


The MPD8020 can be packaged in a 44 PIN JEDEC PLCC with 
in integral heat sink, 16 to 48 PIN DIPs, or single in-line power 
packages. Dice are also available for hybrid manufacturers. 


analog SSI and MSI circuits. Price is $20 
for this 40 pin DIP imprinted with eleven 
commonly used analog circuits. Kit Part 
#2 demontrates digital SSI and MSI cir- 
cuits. Price is $15 for this 40 pin DIP con- 
taining eight revealing digital circuits 
used to check speed and digital timing 
characteristics. 

Micrel also offers customers help from 
our CAD systems and CAE simulations 
EDN September 17, 1987 


(including SPICE, HILO, and TIMVER) 
as well as our fabrication and test group. 


Wide Range of Applications for 
Smart Power. 

Applications include switching regu- 
lators, motor control, relay and solenoid 
drivers, smart switch with bus decode, 
smart lamp drivers, differential line drivers, 
automotive switching, printer solenoid 
drivers, and high voltage display drivers. 


Choose from a library of circuits 
for the smart power IC solution. 


¢ 200 gates in an uncom- 
mitted CMOS gate array 


°16 fully floating 
N-channel DMOS 


power FETs. (can also be used for 
°3 op amp/comparator/ additional op amps/ 
Schmitt trigger pro- comparators). 
grammable macro cells. ¢12 TTL/CMOS I/O 
¢1 unity gain analog out- buffers. 
put buffer. ¢16 medium current sink 
pre-drivers. 


¢] bandgap reference. 
¢] overtemperature 
sensor. 


°16 high voltage CMOS 
level shifters. 


¢ 4 internal high and low 
voltage power supplies. 


¢ Zeners, resistors, 
capacitors, and more. 


For complete information, fill out the 
coupon below or contact Marvin Vander 
Kooi, Micrel, Inc., 1235 Midas Way, Sunny- 
vale, CA 94086. Phone (408) 245-2500. 

FAX (408) 245-4175. TWX (910) 379-0007. 


SRILREL 


THE SMART POWER COMPANY 
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YES, PLEASE SEND ME ALL THE DETAILS 
ON MICREL SMART POWER. 
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COMPANY OR INSTITUTION PHONE 


ADDRESS (STREET, CITY, STATE or PROVINCE) 


APPLICATION 
PROJECTED YEARLY VOLUME 


C] PLEASE HAVE A SALES ENGINEER CALL IMMEDIATELY. 


MICREL, INC., 1235 MIDAS WAY, SUNNYVALE, CA 94086 
67 


- 
| 
| 
| 
| NAME TITLE 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


©1987 Samsung Semiconductor. FAST isa trademark of Fairchild Semiconductor Corporation. 


ia 
ae 
ene 


eet 
ee 


adehotianie 
uauoaaad 
is 


bys 
ae 


Sec avin eB RNARBBH 


SSP RSS RnR Sore 


MOS LOGIC 
)IFFERENCE: 


Itis available now 


ogic family is available in production quantities 
1ow. And you can get samples, free. This means — 


ou can design our logic into your product, now. - 


\nd move into production, now. No waiting. © 


Design in the Performance You Need 
Our 54/74 AHCT advanced high-speed CMOS 
ogic family gives you speeds and drives equiv-- 
lent to, or better than, ALS, and can be used as — 
lirect plug-in replacements for ALS and FAST” 
n fact, 24mA drive is guaranteed for bus drivers. 
54/74 AHCT achieves advanced bipolar 
yerformance with wider supply and temperature 
anges. In addition, it offers the superior noise 
immunity, rail-to-rail 
output voltage swings 
and the low input 
currents of CMOS. 


Pin For Pin — 
Replacement 
Samsungs AHCT 
CMOS logic family, 
with 157 part types, 


hensive selection 

of standard logic 
functions, so you can 
replace your ALS or FAST with our much lower- 
power CMOS part, right away. 

And our 54/74 AHCT does not have a 
premium price tag. In fact, it costs the same as 
ALS.Which means youll actually save money 
in your system cost because of lower power 
requirements and improved reliability. 


AVERAGE POWER PER GATE (mW) 


has the most compre- 


- CMOS LOGIC KS74AHCT Part Types 


Gates andInverters Flip-Flops 
9 


Transceivers/Registered Multiplexers 
20 73 15 3° 


Transceivers 1 
652* 153 


02 22 76 564 . 658" 157 


03 pals 78 574 245 646 659* 158 352" 
04 30 107 670* 640 648 664" 251 353 
05 32 109 794* 651" 665* : : 
08 51 112 821 Shift Registers 
09 58 173¢ 302 Counters 164 299* 

86 174 323 160 190 590" 165 595* 
4 132 175 904 161 191 591° 166 596" 
12 133 973 895 162 192 592" 194 597" 
14° pe 374 906" 163 193 593° 195° 

377° 168 390° Arithmetic Cireults 

Buffers & Line 169 393 thmetic Circuits 
Drivers Latches 280" 680" 
125° 367 75* 793* Decoders/Encoders 518* 682" 
126" 368 77" 841" 42" 148* 238 519 684* 
910 465° 259 842* 138 154* 239 520* 686" 
240 466* 373 843" 139 155* 521 688" 
241 467* 44* ae 522* 689° 
244 468° 363 345°‘ Multivibrators : 679° 
365 540 573 846" - tee A 
366 541 


*Part Types Available in Q4—All Other Part Types Available Now. 


So call Samsung today. Or send us the 
convenient coupon below. Welll send you free 
samples, our data book and reliability report. 

Youll find out 54/74 AHCT is real. Samsung 
Says SO. 


SAMSUNG 


Semiconductor 

CMOS Logic Marketing 

3725 N.First Street, San Jose, CA 95134-1708 
(408) 434-5400 


54/74 AHCT is real. 


SAMSUNG SAYS SO. 


My 54/74 AHCT application is: 


5 C1 Yes, send me two each of the 


Name: 
E up to three 54/74 AHCT product 
part types I have listed here. a 
itle: 
54/74 AHCT (2 ea.) 
- 54/74 AHCT. (2€a.) Company: 
OY 
BB osasancr (2ea,) 
a CJ] Send me your high-performance chines 
E CMOS logic data book. 
(J Send me your 54/74 AHCT Cay Site: 
| reliability report. 
| (J Have asalesperson call me. Teephone:( ) 


i Send coupon to: Samsung Semiconductor, CMOS Logic Marketing, 
fF 3795 N. First Street, San Jose, CA 95134-1708. 
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ILC DATA DEVICE 
CORPORATION 


ABOUT SYNCHRO. CONVERSION e HIGH-SPEED, HIGH ACCURACY D/A & A/D CONVERSION e 1553 BUS DEVICES 


AIM “HY” WITH THE SMALLEST, 
MOST INTEGRATED 1553 BC/RTIMT 


TRANSCEIVER 


DDC announces the BUS- 
61553—a NEW STANDARD in 
MIL-STD-1553 devices. Contain- 
ing a low power Dual Transceiver, 
complete Bus Controller (BC), Re- 
mote Terminal Unit (RTU) and Bus 
Monitor Terminal (MT) protocol, 
a powerful Memory Management/ 
Host Interface IC anda full 8K x 16 
bits of static RAM, the BUS- 
61553, ADVANCED INTE- 
GRATED MUX (AIM) Hybrid isa 
complete, stand-alone dual- 
redundant MIL-STD-1553 inter- 
face. In fact, with a footprint of 
only 2.1’? x 1.9’, DDC’s BUS- 
61553 is the SMALLEST, MOST 
INTEGRATED 1553 interface 
available. 

The concept is simple: integrate 
the most powerful components 
available into a single, complete 
system building block. Two pro- 
prietary custom ICs make up the 


BUS-61553’s BC/RTU/MT Pro- 
tocol and Host Interface sections. 
Current DDC users will recognize 
the first as the heart of the 
BUS-65610 Intelligent Terminal 
and the second as the basis of the 
BUS-66300 II series Monobrid® 
(monolithic hybrid) respectively. 
The monolithic, low-power dual 
transceiver is also available sep- 
arately forming the heart of DDC’s 
BUS-63100 II transceiver series. 
And although 8K x 16 bits of low 
power (CMOS) ‘‘on-board’’ 
double buffered RAM is more than 
adequate for most applications, 
control I/O is provided for mem- 
ory expansion up to a full 64K x 16 
utilizing the internal memory or ex- 
ternal RAM alone. 

The BUS-61553 is fully compat- 
ible with available MIL-STD-1750 
and other off-the-shelf CPUs. In 
fact, by assuming host CPU inter- 


Monobrid”™ is a trademark of ILC Data Device Corp. IBM PC” is a trademark of International Business Machines Corp. 


- BUS-61553 
- ADVANCED 
INTEGRATED MUX 
(AIM) HYBRID 


OL SIGNALS 


INTEGRATION AT 
7 BOTH THE 
‘MIL-STD-1553 AND 
HOST PROCESSOR 
INTERFACE LEVELS 


face-maintenance and memory 
management ‘‘housekeeping’’ r 
sponsibilities, the BUS-61553 actu- 
ally reduces CPU overhead, leav- 
ing the host free for other system- 
related functions. 

By incorporating industry- 
standard DDC components, the 
AIM Hybrid represents a proven, 
extremely flexible solution with a 
host of support tools already avail- 
able. It is ideal for applications re- 
quiring an inexpensive low power 
component that minimizes pre- 
cious PC-board real estate usage 
while providing inherent reliabil- 
ity. For additional information call 
toll-free: 800-DDC-1772. LJ 


CERTIFIED AND 
QUALIFIED TO 


MIL-STD-1772 


HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, 

(516) 567-5600, TWX: 510-228-7324 WEST COAST (CALIF.): WOODLAND HILLS, (818) 992-1772, TWX: 910-499-2674; 
SANTA CLARA, (408) 244-0831, TLX: 172775; HUNTINGTON BEACH, (714) 840-5723 WASHINGTON, D.C. AREA: 
(703) 893-7989, TWX: 910-997-0967; NORTHERN NEW JERSEY: (201) 785-1734, TLX: 130-332 

EUROPEAN OFFICE: 01-387 4599, TLX: 851-261967; UNITED KINGDOM: 635-40158, TLX: 851-848826; 

FRANCE: (1) 4-333-5888, TLX: 842-630609 WEST GERMANY: (08191) 3105, TLX: 841-527128; 

SWEDEN: 8-920-635, TLX: 854-10952; JAPAN: (03) 490-0203, TLX: 781-34158 


Circle 102 for Literature 


ILC DATA DEVICE 
CORPORATION 


Circle 63 for a Sales Contact 
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EXAS INSTRUMENTS REPORTS ON 


NETWORKING 


C 
TECHNOLOGIES p 


J THE ERA OF 


Networking in the Era of MegaChip Technologies: 


When connecting to th 
ou need to connect witl 


Only the TMS380 Chip Set from Texas 
Instruments is tested and verified with 
IBM. That frees you to concentrate on the 
important business of making your 
products market winners. 


ndustry observers agree: The 

IBM® Token-Ring Network is captur 
a lion’s share of the LAN (local-area 
network) market. As stated by IBM ir 
their October 15, 1985, product an- 
nouncement, the IBM Token-Ring 
Network is “an ‘open’ network archite 
ture for accommodation of non-IBM 
and IBM attaching devices... with 
semiconductor components available 


BM Token-Ring, 


fexas Instruments first. 


. Texas Instruments.” All you need to 
talize on the growing demand for 
ucts that will operate on the ring is 


esien with TI's TMS380 Chip Set. 


> use TI’s TMS380 Chip 

and TI’s implementation of 

E 802.2 LLC protocols to 
ure IBM compatibility at 
lia-access and software levels.” 
t is Howard S. Charney, senior vice 
ident of 3Com Corporation, stating 


the chief reason for turning to TT first 
when designing-in token ring con- 
nectivity. You know your TMS380- 
based product will be 100% compatible 
with IBM and industry standards. 

As aresult, you avoid any problems 
of validation, verification, or long de- 
velopment time. You gain time to add 
product enhancements that can mean a 
competitive edge in the marketplace. 

Martin Sinnott, director, Dayton 
Development Center of the NCR Cor- 
poration, sums up the advantage this 
way: “We offer the very highest level of 
interoperability with the IBM Token- 
Ring Network via TI's TMS380 Chip 


Set and our own software.” 


An integrated solution for 

“open” systems 

TI's TMS380 Chip Set begins with a 
40-million-bits-per-second DMA inter- 
face. This provides efficient connection 
to high-speed microprocessors such as 
Intel’s 80X86 and Motorola’s 680X0 fam- 
ilies and open-system buses like IBM’s 
Micro Channel™ and Apple’s NuBus™ 

Having built-in software jointly 
copyrighted by IBM and TI, the 
TMS380 provides all IEEE 802.5 
media-access control processing, in- 
cluding on-board network-management 
services (see box). In addition, the 
TMS380 provides capability for mes- 
sage-buffer expansion and higher layer 
protocols, such as IBM-compatible IEEE 
802.2 Logical Link Control (LLC), 
available from TT. 

The TMS380 completes your con- 
nection to the IBM Token-Ring with 
physical-layer interface circuits that 
provide clocking, data reception and 
transmission, and ring-insertion control. 

Opening the way to internetworking 
the TMS380 facilitates the design of 
token ring bridge and gateway products. 


Good news about cost 
Another reason to choose the TMS380 


is that the cost of connectivity is com- 


Reliable network management 


“We have designed our ProNET®-4 
product using the industry-standard T] 
TMS380 Chip Set. In addition to normal 
data-communications functions, the chip 
set provides power-up self-test as well as 


network-management frames for automatic 
error detection, parameter services, and 
reconfigurations. The net effect is reliable, 
manageable network operation.” 

Howard Salwen, 

Chairman and Founder, Proteon, Inc. 


ing down. The chip set is available now 
at a suggested resale price under $100.00 
(quantity 100). 

The TMS380 reflects the influence 
of TI’s MegaChip™ Technologies. 
These are the skills and disciplines 
acquired through ongoing development 
of high-density circuits which generate 
advances in semiconductor design, pro- 
cessing, manufacturing, and service. 

These technologies are having an 
effect on other LAN standards. For 
example, TI has developed the 
SN75061/62 single-channel drivers/ 
receivers that can easily be configured 
for use with StarLAN IEEE 802.3 
IBASE5 networks. These new devices 
perform data transmission/reception and 
minimize transmission-line noise. The 
SN75061 is ideally suited to IBASE5 
stations; the lower-power, lower-cost 
SN75062, to hubs. 

For more information on the broad 
TMS380 support, turn the page. 


Comprehensive support from T1 
speeds TMS380 design-in. 


‘To help you with everything from token 
ring adapter-card prototyping through 
communications-protocol development 
and systems integration, TI makes 
available the comprehensive TMS380 
Development Products Family. 
Design-in Accelerator Kit includes 
hardware and debug software for com- 


pleting a prototype token ring adapter: 
Three sample TMS380 chip sets, engi- 


neering debug software with User's 
Guide, and an interconnect schematic. 

PC Adapter Card helps you develop 
software and analyze traffic on the IBM 
Token-Ring Network. It works in both 
the PC Family and PC AT compatibles 
and incorporates TI's new IEEE 802.2 
LLC. The card comes with demonstra- 
tion software as well as protocol-analysis 
software to help develop your communi- 
cations protocol. 

Test Wiring Concentrator (TWC) 
provides the mechanism for any station 
to be inserted on the ring and adds 
LEDs that indicate ring insertion. 

TMS380 LLC EvaluationKit 
provides the hardware, software, and 
documentation required to evaluate the 
IBM-compatible IEEE 802.2 LLC soft- 
ware on your designs. 

ASIC-LAN Tool Kit enables the 
fast development of highly integrated, 
differentiated, and compact adapters. 
The kit contains ASIC software macro 
building blocks and completed design 
examples. These support Adapter Mem- 
ory Expansion and PC Bus Interface. 
The kit not only helps save board space, 
but also several months of system and 
hardware design. 


™MegaChip and NuBus are trademarks of Texas 
Instruments Incorporated. Micro Channel is a trademark 
of International Business Machines Corporation. 
®[BM is a registered trademark of International Business 
Machines Corporation. ProNET is a registered trademark 
of Proteon, Inc. 
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TMS380 Bridge Design Kit con- 
tains one TMS38021 Bridging Protocol 
Handler, one set of Bridge Options 
Adapter Software, and a TMS38021 
Bridge Application Report to help you 
develop bridge or gateway products. 

Token Ring Seminars are conducted 
on request at TT Regional Technology 
Centers or at your site. A two-day 


P.O. Box 809066 
Dallas, Texas 75380-9066 


and services. 
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AREA CODE TELEPHONE EXT. 


Texas Instruments Incorporated 


workshop includes an introduction | 
the TMS380 Chip Set and hands-o 
experience in the lab. A one-day 
TMS380 Advanced Topics Worksh« 
provides an understanding of the ex- 
tended LLC interface on the TMS3. 
and provides insight into bridge 
applications. 

For more information on TI's 
TMS380 Chip Set, call TI's hot-line 
number, (713) 274-2380. Or comp 
and return the coupon today to Texa 
Instruments Incorporated, P.O. Box 


809066, Dallas, Texas 75380-9066. 
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TECHNOLOGY UPDATE 


VLSI support chips let you use the 1553B 
bus in industrial applications 


Peter Harold, European Editor 


Your industrial networking applica- 
tions may now be able to reap the 
benefits of the MIL-STD-1553B bus: 
Manufacturers have begun to intro- 
duce VLSI chips that support com- 
munication over the 1553B data bus, 
yet cost only $100 to $500. Many of 
the attributes of the 1553B bus that 
have contributed to its widespread 
use in military avionics systems— 
for example, its command/response 
protocol, high noise immunity, and 
dual-redundant bus architecture— 
also make it suitable for use in the 
harsh electrical environments en- 
countered on factory floors and in 
industrial process plants. In addi- 
tion, the architectures of this latest 
generation of VLSI devices let you 
interface the devices easily to pP- 
based systems. 

For nearly 10 years, the MIL- 
STD-1553B serial data bus has 
proved itself in military aircraft by 
providing a reliable communications 
link between onboard computers, 
weapons systems, and flight-control 
systems. Although silicon support 
for the 1553B bus has been available 
for several years in the form of both 
hybrid and VLSI devices, the high 
cost of processing these parts to 
military requirements has pre- 
cluded the widespread use of the 
bus in industrial applications. At 
the same time, the lack of wide- 
spread industrial use of the chips 
has prevented the chip prices from 
falling. 


Field-bus proposal 

Recent developments in Europe 
and elsewhere may help to break 
this loop, however. The IEC (Inter- 
national Electrotechnical Commis- 
sion) has set up a working group 
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Available in a 40-pin DIP or leadless chip carrier, the COM-1553B currently represents the 


least expensive VLSI solution for implementing 1553B bus-controller functions: The DIP 


version sells for $97.55 (100). 


(SC65C WG6) to define a field bus 
for use in manufacturing-automa- 
tion networks. The field bus will 
provide communication between 
sensors, actuators, and programma- 
ble logic controllers at the industri- 
al-plant level. The field bus is the 
lowest level of manufacturing-auto- 
mation networking. It is linked, 
through suitable gateways, to a 
MAP (Manufacturing Automation 
Protocol) network, either directly or 
by way of localized carrierband 
mini-MAP networks or subnetworks 
(Fig 1). 

The field bus will have to be a 
low-cost, real-time serial data link 
that maintains a high level of trans- 
mission efficiency and data integri- 
ty. As Peter Burton of ERA Tech- 
nology (Leatherhead, UK) points 
out, “The 1553B bus already meets 
many of these requirements—it has 
proved its immunity to electromag- 
netic interference in avionics appli- 
cations, yet it can use low-cost, 
shielded twisted-pair cabling.” He 
continues, “Although the 1553B bus 
is designed for short-range trans- 
mission at 1M bps, transmission at a 
bit rate as high as 500k bps over a 


distance of 350m has been demon- 
strated, and a 125k-bps, 2-km link is 
operational.” 

Burton notes that 1553B has po- 
litical advantages, too—it’s an open 
standard accessible to both users 
and vendors, and it already has com- 
ponent- and board-level support 
from several manufacturers in sev- 
eral countries. 

Technically, however, 1553B will 
require some enhancements for use 
as a field bus. For example, the bus 
will have to have the capability of 
distributing power via the data-bus 
eable. Further, the 1553B bus 
length will have to be extended (al- 
beit with a restriction on data rate), 
and the bus will have to incorporate 
intrinsic explosion protection. Other 
considerations currently unspecified 
in 1553B—for example, the coup- 
ling-transformer isolation voltage, 
connector type, and applicable in- 
dustrial EMC (electromagnetic ca- 
pability) and environmental stan- 
dards—will also have to be 
specified. 

If 1553B is adopted as the basis 
for the field-bus specification, the 
prices of support chips will un- 
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FROM OUR 
HIGH-SPEED 
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ANIPLIFIER. 


Forget the noise you hear about other z , Because the AD9610 has 18ns 
transimpedance amplifiers. It’s the noise settling to 0.1%, 3500V/s slew rates and 
from the amplifier that’s important. And noise = ample phase margin, it’s perfect for pulse 
voltage for the AD9610 is only 0.7nV V Hz! hy | applications. 

Besides low noise,the AD9610OpAmp sity For more information, contact our 
features low power consumption — Just over ie sales engineers and ask about the AD9610 
600mW. Cost is 40-50% lower than the compe- and its versatile evaluation board. They'll 
tition even in high-rel, mil temp versions. tell you everything you want to hear about 

Moreover, bandwidth is virtually independent of this high-performance AN ALOG 
gain. For example, at unity gain, bandwidth is JOOMHz. transimpedance 
At + 10,it’s 9SMHz. And at + 50, it’s still 6S MHz. amplifier. DEVICES 

The Designer’s Advantage 
Analog Devices, Inc. ,One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; Colorado: (303) 590-9952; Illinois: (312) 980-0300; 


Maryland: (301) 992- 1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094, aha 6704; Washington: (206) 251- 9550; Austria: (222) 885504; Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 
4687-34-11; Holland: (1620) 81500; Israel: (052) 28995; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; Sweden: (8) 282740, Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050 
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TECHNOLOGY UPDATE 


doubtedly fall. After all, although a 
$500 bus-controller chip might be 
acceptable for a communications 
gateway or programmable logic con- 
troller, and a similarly priced re- 
mote-terminal-controller chip might 
just be affordable for intelligent ter- 
minals, such a chip would be too 
expensive for application in remote 
terminals that do nothing more than 
control a bank of valve actuators or 
interrogate limit switches. 

Once industrial markets for these 
chips appear, however, chip manu- 
facturers should find it easy to re- 
spond with lower-priced parts, be- 
cause much of the cost of the 
military-grade devices goes into 
packaging costs and 100% visual in- 
spection and testing. Consider, for 
example, Marconi Electronic De- 
vices’ MA805 remote-terminal-con- 
troller IC. As a military-grade part 
in a ceramic DIP, it sells for £247 


MAIN 
COMPUTER 


BROADBAND 
MAP NETWORK 


CARRIERBAND 
SUBNETWORKS 


FIELD-BUS 
NETWORKS 


GATEWAY 


(100); in the industrial-grade ver- 
sion, it costs £55 (100). 


Particle accelerators 


Industrial applications of 1553B 
are not merely draft specifications 
such as the field-bus spec—they also 
exist in reality. At the European 
Organization for Nuclear Research 
(CERN), which lies on the border of 
France and Switzerland, 1553B data 
buses as long as 2 km are used for 
data acquisition and control of the 
LEP (large electron-positron col- 
lider) and SPS (super proton syn- 
chrotron) particle accelerators. De- 
pending on the bus length, the user 
can select transmission rates of 1M, 
500k, 250k, or 125k bps. In the 
course of installing these systems, 
CERN developed 1553B bus-con- 
troller/remote-terminal cards for 
Camac, VME Bus, G64-bus, and 
IBM PC/AT-bus computer systems. 


APPLICATION 
~ COMPUTER: 


NOTE: 


GATEWAY 


All of these cards are based on 
Standard Microsystems Corp’s 
COM-1553B bus-controller/remote- 
terminal chip, but CERN also uses 
Marconi’s MA805 chip for remote- 
terminal applications. 

You can expect all the latest-gene- 
ration 1553B-bus interface chips to 
handle most of the bus protocol au- 
tomatically. They handle such func- 
tions as remote-terminal address 
recognition, examination of 1553B 
command words to determine the 
type of message transfer required, 
the correct sequencing of command 
and data words, and the automatic 
transmission of status words. In ad- 
dition, these chips automatically 
check the incoming information for 
message errors. 

In all of these interface chips, the 
interface between the chip and the 
1553B bus is very similar. Virtually 
all the recently introduced 1553B 
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Fig 1—1553B is a strong contender for use as the field bus in MAP applications, where its high noise immunity and low-cost cabling make it 
suitable for use in factory-floor and industrial-process environments. Gateways from local carrierband subnetworks or the broadband MAP 
network allow these networks to control and monitor field-bus activity. 
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communication ICs incorporate the 
encoder/decoder required to trans- 
late data to and from the Manches- 
ter II biphase encoded format (the 
format for transmission over the 
1553B bus). As a result, the 1553B 
side of these devices comprises only 
five signal lines—true and comple- 
ment transmit-data lines, true and 
complement receive-data lines, and 
a transmit-inhibit signal. These sig- 
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Fig 2—To minimize host-processor overhead, most 1553B interface chips perform DMA 


1553B BUS 
TRANSCEIVER 


nals directly drive a 1553B bus 
transceiver, which performs the 
voltage-level translation necessary 
to drive the coupling transformer 
that connects the bus-interface unit 
to the 1553B bus. On some ICs, this 
transceiver interface is duplicated, 
so it provides single-chip support 
for dual-redundant bus systems. 
Virtually all the VLSI 1553B in- 
terface chips available are intended 


DMA REQUEST 


DMA GRANT 


DMA ACKNOWLEDGE 


for interfacing to an intelligent sub- 
system, and they therefore have a 
w.P-style subsystem interface. With 
these VLSI devices, as with any 
other communications IC (such as a 
UART or an Ethernet controller), 
it’s an advantage for the communi- 
cations IC to pass received and 
transmitted data to and from the 
subsystem with a minimum of host- 
processor intervention. 


operations to transfer data and commands to and 


from host-system memory (a). You can further reduce the interface chip’s disruption of host-processor activity by adopting the dual-port 
memory architecture shown in b. To assist in arbitrating dual-port memory access without endangering 1553B-bus data integrity, some 
interface IC's provide special flag outputs; others require arbitration-support chips. 
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Indeed, the 1553B bus has some 
special timing requirements that 
virtually preclude software control 
of the bus protocol. For example, 
the status word, which indicates re- 
ceipt of an error-free message, must 
be transmitted by a remote terminal 
to the bus controller within 4 to 12 
sec after the end of the message 
transmission. It’s unlikely that a 
host processor could check the in- 
coming data for errors and provide a 
status byte within this time frame, 
but even if it could, the 1M-bps data 
rate and 20-bit word length speci- 
fied in 1553B would require the er- 
ror-checking program to run every 
20 sec, leaving the host processor 
little time to run its application pro- 
gram. As a result, error checking 
and status-byte generation and 
transmission are usually performed 
by hardware within the interfac 
chip. 


DMA and dual-port RAM 


To minimize host-processor inter- 
vention, 1553B interface chips typi- 
cally move data between the subsys- 
tem and the 1553B bus by 
performing DMA accesses directly 
to host memory. However, by add- 
ing a few 3-state bus buffers, you 
can often create a block of memory 
between the interface chip and the 
subsystem that operates as dual- 
port RAM (Fig 2). A dual-port 
RAM interface further reduces 
host-system disturbance by elimi- 
nating the bus-arbitration and DMA 
cycles that a DMA technique re- 


quires. 
United Technologies Microelec- 
tronics Center’s (UTMC’s) 


UT1553B-BCRT (a bus-controller/ 
remote-terminal IC) and UT1553B- 
RTI (a remote-terminal IC) allow 
you to adopt either a DMA or a 
dual-port-RAM technique. Both de- 
vices feature an integrated address 
generator that provides the DMA 
addressing, so they eliminate the 
need for the external address-gene- 
ration logic shown in Fig 2. 

To perform DMA transfers, the 
UT1553B-BCRT uses _ standard 
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DMA-request, DMA-grant, and 
DMA-acknowledge handshaking to 
gain control of the host system’s 
data and address buses. To assist in 
determining when the host proces- 
sor can access the RAM without 
corrupting the flow of data between 
the 1553B bus and the RAM, the 
BCRT has a memory-window 
(MEMWIN) signal, which allows 
the host processor to determine pe- 
riods of time when the BCRT chip 
will not require RAM access. 

The UT1553B-RTI operates with 
simplified DMA-request/DMA-ac- 
knowledge handshaking. As long as 
the DMA acknowledge is received 
within defined time limits (14.9 see 
for transmit commands, 18.8 psec 
for receive commands), 1553B-bus 
data won’t be lost. 

Because these interface chips 
have large memory areas (64k 
words for the BCRT, 2k words for 
the RTI) in which they can store or 
access data, you can minimize the 
frequency of host-processor inter- 
vention in the communications proc- 
ess. In fact, you can reduce this 
intervention to a few interrupt-driv- 
en service routines. These chips also 
allow you to partition message infor- 
mation within the memory. For ex- 
ample, in the remote-terminal 


mode, the BCRT allows you to store 
the data associated with any of the 
remote terminal’s 30 subaddresses 
anywhere within the 64k-word 
memory area. The BCRT can then 
automatically buffer in memory as 
many as 128 incoming messages di- 
rected to each of these subad- 
dresses. 

In the BCRT’s bus-controller 
mode, each 15538B bus message is 
controlled by a command block con- 
tained in RAM. Each command 
block contains the 1553B command 
word (or words), which set up the 
source and/or destination for the 
bus message; address pointers for 
transmitted and received data; and 
control information for selecting 
programmable functions within the 
BCRT (for example, for defining 
conditions that can interrupt the 
host processor). In addition, the 
command blocks contain pointers to 
both the preceding and succeeding 
command blocks, so you can set up 
complex message sequences by 
chaining command blocks together. 


Chip maps data in memory 

The RTI chip generates its memo- 
ry addresses directly from the 
transmit/receive bit, subaddress, 
and word-count information in the 
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1553B-bus command word in order 
to provide separate 32-word receive 
and transmit buffers for each re- 
mote-terminal subaddress. Howev- 
er, UTMC’s latest remote-terminal 
chip—the UT1553-RTMP—has an 
address generator that can perform 
DMA access to as much as 64k 
words of memory, and that provides 
much more versatile memory-map- 
ping capabilities than those of the 
RTI. 


RAM buffers 


A base-address register in the 
RTMP points to a block of buffer 
pointers in the RAM. By using the 
subaddress contained in the 1553B 
command word as an index to these 
pointers, you can route 1553B-bus 
data to and from separate RAM 
buffers for each of a remote termi- 
nal’s 30 possible subaddresses. Al- 
ternatively, you can route all the 
messages to a single buffer. You can 
also select the buffer size to be as 
large as 32k words. The relevant 
1553B-bus command word, along 
with a time tag that allows you to 
determine when the message was 
received, is stored with each re- 
ceived message. 

UTMC’s interface chips clearly 
target application in intelligent sub- 
systems that require an absolute 
minimum of host-processor inter- 
vention in 1553B-bus communica- 
tion, and which require single-chip 
support for a dual-redundant bus 
system. In such applications, the 
relatively high cost of these chips— 
$825 for the BCRT, $543 for the 
RTI, and $573 for the RTMP (100)— 
may be acceptable. Bear in mind 
that these prices get you a military- 
grade part that operates over —55 
to +125°C. All the UTMC parts are 
available in 84-pin PGA and surface- 
mount packages. 

For more cost-sensitive applica- 
tions, consider using Standard Mi- 
crosystems Corp’s COM-1553B bus- 
controller/remote-terminal chip, 
which sells for $97.55 (100) in a 
40-pin DIP and $112 (100) in a lead- 
less chip carrier. The price/perfor- 
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mance tradeoff you'll face is that the 
COM-1553B requires more interface 
logic and greater host-processor in- 
tervention than do the UTMC chips, 
because the COM-1553B doesn’t use 
an on-chip address generator to ad- 
dress subsystem RAM during DMA 
operations. 

Although the COM-1553B pro- 
vides DMA-handshake signals and 
control signals that indicate wheth- 
er command, data, or control infor- 
mation is being transferred, you'll 
have to provide external logic to 
generate the memory addresses for 
this information. This logic will be 
more complicated if you want to 
partition the information in memory 
—for example, according to remote- 
terminal subaddresses. Rather than 
implement this interface in hard- 
ware, you may well opt to interrupt 
the host processor after each com- 
plete message is received and sort 
out the messages under software 
control. When it’s in remote-termi- 
nal mode, the COM-1553B automati- 
cally appends the appropriate 
1553B-bus command and the mes- 
sage’s error-status register to the 
received data that it places in memo- 
ry. When the COM-1558B is in bus- 
controller mode, you have to initiate 
all of its DMA operations via the 
host processor. 

Harris Corp’s HS3273 bus-con- 
troller/remote-terminal chip has ca- 
pabilities similar to the COM- 
1553B’s. However, although the 
HS38273 does generate part of its 
DMA memory address from its 5-bit 
word counter, it’s currently avail- 
able only as a military-grade part, 
and its price—around $500 (500)— 
doesn’t suit it well to industrial ap- 
plications. 


Implement simple terminals 


Without using too much external 
glue logic, you can also interface the 
COM-15538B or HS3273 to nonintelli- 
gent remote-terminal subsystems— 
for example, simple subsystems 
that interrogate a set of switch posi- 
tions via 3-state buffers, or that 
drive simple actuators or relays via 


latches. It’s also worth noting that 
Standard Microsystems’ COM- 
1553B and Harris’s HS-3273 sup- 
port only a single 1553B bus trans- 
ceiver, so to implement a 
dual-redundant bus system you 
must duplicate the chips. This char- 
acteristic may not be a disadvan- 
tage, however: In many industrial 
applications, the use of a dual-re- 
dundant bus would be considered 
overkill. 

A lower-cost method of imple- 
menting a simple remote terminal is 
to use Marconi Electronic Devices’ 
MA805 remote-terminal interface 
chip. The MA805 is also available as 
an industrial-grade component, the 
STF815P, which sells for £55 (100) 
and has a simple 16-bit subsystem 
interface that you can couple to sub- 
systems having a range of complexi- 
ties. 


Chip is easy to use 


The information that appears on 
the subsystem interface closely re- 
sembles the data transferred over 
the 1553B bus, so the device is par- 
ticularly easy to use. The 16-bit 
words that the MA805 writes to the 
subsystem are either received 
1553B command words or received 
1553B data words. The words that 
the MA805 reads from the subsys- 
tem are either data words for trans- 
mission over the 1553B bus, or mod- 
ifier words for the 1553B-bus status 
word. All these words are preceded 
by a control word that contains the 
1553B command word’s transmit/re- 
ceive bit, its remote-terminal subad- 
dress, and the current word count, 
as well as various flag bits. These 
flag bits indicate the nature of the 
next word (command, status modifi- 
er, or data) that will appear at the 
subsystem interface. 

By latching this control word, you 
can create a subsystem address to 
or from which the command, status 
modifier, and data words can be 
transferred. In its simplest form, 
this address could enable latches 
and 3-state buffers to transfer paral- 
lel I/O signals; alternatively, you 
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could use it to select separate mem- 
ory areas for the various types of 
data. 

The MA805 normally operates 
with simple DMA-request, DMA- 
grant handshaking. However, you 
can implement a dual-port RAM in- 
terface by adding the company’s 
MA8055 subsystem-interface sup- 
port chip. Although this chip cur- 
rently costs £90 (100) in a military- 
grade version, the vendor intends to 
offer a lower-cost industrial-grade 
version. In conjunction with a few 
octal latches and buffers and two 
2kx8-bit static RAMs, this device 
arbitrates dual-port RAM access on 
a message-by-message basis, with- 
out the risk of losing or corrupting 
1553B bus traffic. In addition, it 
allows you to implement an 8- or 
16-bit subsystem interface. 


Two chips replace four 


Marconi Electronic Devices’ latest 
bus-controller/remote-terminal of- 
fering is a 2-chip set comprising the 
MA3690 and the MA3691, which 
both come in 48-pin ceramic DIPs. 
This 2-chip set replaces the compa- 
ny’s earlier 4-chip set. When the 
chip set is in the bus-controller 
mode, each 1553B-bus transaction is 
controlled by a 4-word command 
block fetched from subsystem mem- 
ory. This command block contains 
an instruction word, which defines 
the type of message transfer re- 
quired and selects other program- 
mable functions within the interface 
chips; the receive command word 
and/or transmit-command word, 
which define the source and/or des- 
tination for the 1553b message 
transfer; and an address pointer for 
the transmitted or received data. 

Upon completing a bus transac- 
tion, the chip set indicates the suc- 
cess or failure of the message trans- 
fer by writing three report words to 
memory. These words include 15 
single-bit status and error flags, 
plus the receiving or transmitting 
terminal’s status word. 

The Marconi chip set’s command- 
block and error-reporting struc- 


tures are similar to those of UTMC’s 
UT1553-BCRT, and the chip set lets 
you perform simple command-block 
chaining. However, unlike the 
UTMC device, the Marconi device 
requires you to implement address 
mapping externally if you want to 
partition information in subsystem 
memory. The relatively simple sub- 
system interface provided on the 
MA3690/MA3691 does allow you to 
implement a nonprocessor-based 
subsystem (such as an emergency 
bus controller driven from a table of 
command blocks held in PROM) 
with relatively few external compo- 
nents. The biggest disadvantage to 
using the MA3690/MA3691 chip set 
in industrial applications is its £890 
(100) price tag. Although this price 
may be justifiable in bus-controller 
applications, it’s probably too high 
for widespread use in remote termi- 
nals. One reason for the high price is 
that the parts are fabricated for 
military use in radiation-hardened 
SOS (silicon-on-sapphire) technolo- 
gy. If you don’t mind using four 
chips instead of one or two, consider 
using the company’s 4-chip set, 
which provides functionality (except 
for the command-block chaining fa- 
cility) similar to that of the 2-chip 
set, but is now available as an indus- 
trial-grade product priced at £80 
(100). 


Simple subsystem interface 


Like Marconi, Micro Circuit En- 
gineering Ltd produces a single- 
chip remote-terminal interface and 
chip sets for implementing bus-con- 
troller/remote-terminal capabilities. 
The MT32802 dual-redundant re- 
mote-terminal chip costs $600 (100) 
and is available in a 48-pin DIP or a 
48-lead chip carrier. The device has 
a relatively simple subsystem inter- 
face comprising a 16-bit bidirection- 
al data bus and dedicated control 
lines that indicate the nature of the 
information available on the bidirec- 
tional bus (for example, a valid com- 
mand word, data word, transmit 
command, or receive command). 
The chip also provides single-line 
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inputs, which modify various bits in 
the remote terminal’s status word. 

A variant of this device, the 
MT32807, has additional remote- 
terminal functions: It provides se- 
lectable data wraparound for test 
purposes, a readable status word, 
and broadcast-command recogni- 
tion. It also has signals that allow 
you to connect it to the company’s 
MT32015 bus-controller protocol 
chip. This 2-chip set provides bus- 
controller/remote-terminal capabili- 
ties. The MT32015, which costs $289 
(100) and comes in a 64-pin DIP or 
06-lead chip carrier, also presents a 
16-bit bidirectional data bus and 
dedicated-control-line subsystem in- 
terface. If you merely want to im- 
plement a bus-controller function, 
you can couple the MT32015 to the 
company’s MT32018 or MT32028 
Manchester encoder/decoder chips, 
which cost $255 (100) each. 

To effect a DMA interface to the 
subsystem, instead of having to use 
the host processor to manage the 
data flow, you’ll have to add another 
chip to the system. The MT32603 
and MT32604 subsystem-interface- 
controller chips provide DMA inter- 
faces, including full address genera- 
tion, to VME Bus and Multibus 
computer systems, respectively. 
They each cost $255 (100). (Because, 
architecturally, the VME Bus and 
Multibus closely resemble Motorola 
and Intel 1P buses, you should have 
no difficulty in using the MT32603 
and MT32604 to provide a direct 
connection to a subsystem based on 
one of these Ps.) The company also 
offers an interface chip for the 
ARINC-429 bus. 


Modify bus operation 


When choosing interface chips for 
industrial applications of 1553B, 
bear in mind that these applications 
may not necessitate strict adher- 
ence to the MIL-STD-1553B bus 
specification. For example, if you 
extend the bus length, you'll almost 
certainly have to operate it at data 
rates lower than 1M bps. However, 
the timing information quoted on 


most manufacturers’ data sheets as- 
sumes that the interface chip has a 
clock frequency that provides the 
MIL-STD-1553B 1M-bps data rate. 
Fortunately, because all the inter- 
face chips discussed here are CMOS 
parts, chances are that they’re also 
static parts, so reducing the clock 
frequency should result in a propor- 
tionate reduction in data rate. 

One effect of using longer buses 
or lower-grade cabling is that the 
propagation delays in the cable may 
cause the remote-terminal response 
time to exceed the 12 usec specified 
by MIL-STD-1553B. In this case, 
the receiving terminal will detect a 
message error and disregard the 
transmitted data. 

Although reducing the chip’s 
clock frequency may extend the 
timeout period before a message 
error is declared, it will also reduce 
your data rate. You may be able to 
maintain a 1M-bps data rate if you 
can extend this timeout period by 
some other means. For example, 
Marconi Electronic Devices’ MA805 
remote-terminal chip and MA3690/ 
MA3691 bus-controller/remote-ter- 
minal chip set allow you to select one 
of four different timeout periods. 
The maximum timeouts are 64 psec 
for the MA805 and 106 psec for the 
MA3690/MA3691. 

In addition, you may require that 
remote terminals be able to detect 
and report, via the status word, 
receipt of illegal commands to which 
they can’t respond. (Strictly, 1553B 
requires the bus controller to know 
the capabilities of the system’s re- 
mote terminals, so that these illegal 
commands will not be sent.) To as- 
sist in implementing this function, 
some interface chips provide an ille- 
gal-command input so that you can 
declare a command illegal. Typical- 
ly, you can use an external PROM as 
a hardware look-up table to examine 
command words and provide this 
illegal-command input. 

If you’re already familiar with 
1553B bus systems, you may note 
that several major manufacturers of 
1553B interface products—for ex- 
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You've seen the advantages offered by the A100 
Digital Signal Processor. The single-chip DSP solution 
that features 32 multiply-accumulators, executes up to 
320 MOPs, and easily attaches to microprocessors. 

Now INMOS speeds A100 system development 
with the new D704, the complete DSP Development 
System. The D704 overcomes the clutter normally 
encountered in developing DSP systems such 
as hand-crafted assemblers, interleaved busses 
and power-hungry glue. And since it is tailored for 
the A100, your end product is first to market and 
second-to-none in performance. 

The D704 combines a comprehensive set of 
software tools, PC plug-in card and extensive 
documentation, providing a powertul yet easy-to-use 
DSP environment. You can experiment with the 
technology, simulate DSP algorithms in sottware 
and run them in real time on the Al100’s provided 
on the board. 

The A100 is quickly becoming the number one 
choice in everything from avionics to ultrasonics. And 
with MIL-STD 883C devices available soon, it 
will be a natural for military DSP programs of all 
types. With the D704 Development System, creating 
DSP solutions has never been easier. 

So if you'd like to cut through the clutter, start by 
clipping the coupon. 
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I'd like to cut through the clutter. Please send me full 
details of the IMS D704 DSP development system. 
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| Name — Title 
Company 
| Address 
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Telephone 


EDN91787 


INMOS Corporation, PO Box 16000, Colorado Springs, Colorado 809735. 


Tel (303) 630-4000. 
INMOS Limited, PO Box 424, Bristol BS99 7DD. Tel (0454) 616616. 
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Single-Chip 32-Stage Cascadable Transversal 
Filter— 16-Bit Data, 16-Bit Coefficients, 
320 MOPs 
PC Plug-In Card Including Four A100's 

IMS BOO9 + Interactive Software Simulator/ 
IMS D704 | psp Development Suite 
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and IMS are trademarks of the INMOS Group of Companies. 


INMOS 


FROM THE PEOPLE WHO 
WROTE THE BOOK! * 


VMEbus COMPATIBLE 
MIL-STD-1553B INTERFACE 
MODEL BCU/VME-1014 


® Fully programmable operating modes 
-Bus Controller 
-Remote Terminal 
-Bus Monitor/Analyzer 
-Diagnostic 
On-board 80186 microprocessor 
32K bytes of on-board RAM 
Programmable message time-tagging 
Response time logging 
Programmable RT address and status word 
bits 
@ External scope sync output/trigger input 
® Fully programmable interrupts 


@® Double height Eurocard form factor circuit 
board 


"SCI Systems, Inc. under subcontract to Boeing Aerospace Co. co- 
authored the MIL-STD-1553 Multiplex Applications Handbook (MIL- 
HDBK-1553) under AFCS Contract F33615-78-C-0112 


SCi TECHNOLOGY, INC. 


8600 S. Memorial Pkwy ¢ Huntsville, AL 35802 
(205) 882-4251 ¢ TWX: 810 726 2234 SCI HTVL 


M22-78 
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UPDATE 


ample, Aeroflex Laboratories Inc 
(Plainview, NY), ILC Data Device 
Corp (Bohemia, NY), Marconi Mi- 
crosystems Ltd (Portsmouth, UK), 
and STC-Components (Great Yar- 
mouth, UK)—don’t appear in this 
article. These companies concen- 
trate on manufacturing military- 
grade hybrid components that are 
designed specifically to pack the 
greatest functionality into the 
smallest and most rugged _ pack- 
aging. 

Unless your industrial application 
is constrained by overriding size, 
weight, or environmental considera- 
tions, it’s unlikely that you’ll be able 
to justify paying the high prices for 
these parts, which typically range 
from $1000 to $2000. However, as 
industrial applications for 1553B 
emerge, you can expect some of 
these manufacturers to introduce in- 
dustrial-grade parts. ILC Data De- 
vice Corp’s UK Div, for example, 
has already joined Marconi Elec- 
tronic Devices in supporting ERA 
Technology’s promotion of 1553B as 
the field bus for manufacturing-au- 
tomation networks. EDN 
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But that’s only the beginning. 
Youll get those higher clock 
speeds with 1/5th the power 
requirement. Because the 
80C186 is fabricated in Intel's 
high-performance CHMOS 
technology. And we've 
optimized system power even 
more with our new Power Save 
Mode. When operating in this 
mode, the CPU remains active 
while allowing slower 
background processing, 
reducing power requirements 
by more than half 

We've also squeezed a whole 
lot of functionality onto the 
chip. The 80C186 has 2 DMA 
channels with 4 operational 
modes, allowing all combinations 
of I/O and Memory anda 
1 Megabyte Maximum Transfer 
Block. And the DRAM Refresh 
Control Unit gives you the 
flexibility of programming from 
18 to 512 clocks. 

And for those seeking even 
more performance, weve 
designed the 80C186 so it is 
optimized to work with out 
family of advanced 
coprocessors and peripherals. 

The 80C186 helps you get to 
market faster too. Because we 
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offer complete development 
support. Including a compatible 
line of software development 
languages, such as C, ASM, 
PL/M, FORTRAN, and Pascal. 


*Auaiable QI 1988 
Intel’ 80C186 versus Ist generation high integration microprocessors. 


And Intel's new ICE” 186 
In-Circuit Emulator for 12.5 MHz 
80C186 development. Full 
documentation and Intel’s Field 
Applications Engineers help 
shorten your design time even 
further. 

For more information on 
the 80C186, call Intel at (800) 
548-4725 and ask for Literature 
Department W386. 

And we'll show you how 
simple innovation can be. 


= : ® 
ICE is a trademark of Intel Corporation. ©1987 Intel Corporation 
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Higher density, lower profile 
SIMM sockets from AMP 


We've covered all the angles. 
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et the styles you need with AMP 
SIMM Sockets, and get the well- 
hought-out design and reliability 
you can always expect from AMP. 
Our single and dual slanted 
ersions tighten parallel board 
spacing, shrink real estate 
requirements with .400 or .500 
side stack centers. Single and dual 
verticals mount on .3800 centers. 


All are designed for 
uncomplicated, straight-in module 


insertion, with no clearance 
requirements from adjacent 
components. Housings provide 


Vertical single-row 

sockets in 12-42 

positions, slanted 

single-row sockets in 

22-42 positions, and 

vertical and slanted dual- 

row sockets in 30 positions 
available. Other configurations 
to be available shortly. 
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polarization, with a separate 
mechanical latch for module 
retention. 

All utilize our exclusive high- 
normal-force “floating” contact 
system, too— positive wipe gas- 
tight interface, with complete 
independence from housing 
materials for long-term integrity. 

And all are designed for 
compatibility with industry- 
standard processing equipment — 


AMP is a trademark of AMP Incorporated 


with high-temperature materials, 
close-tolerance soldertail 
positioning, closed-bottom 
housings, robotic pick-up details. 
All the details, in fact, that 
make AMP worth remembering 
for SIMM Sockets. 
Call (717) 780-4400 and ask for 
the SIMM Socket Desk. 
AMP Incorporated, Harrisburg, 
PA. 17105-3608. 
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Card guide (with polarization) Contact 


Contact ' float” 
cradle 


ov 

Minimal a 
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clearance — Guide post 
heat/stake 


High-pressure tin-to-tin contacts 
provide reliable performance. Contacts 
with select gold plating also available. 
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With oursoftware | 


the question of reli 


Its just a fact of life. 

Somewhere in the depths of even 
the simplest embedded microprocessor 
system design is the risk of a timing- 
dependent bug. Or two. And not even a 
million years of conventional testing 
can catch them all. 

And that’s the way it’s always been. 

Suppose, though, that there was a 
software development system that would 
free you from time-dependent errors 
by design. 


Sound too good to be true? 

It isn't. It's VRTX* our real time software 
development system. 

VRTX provides a comprehensive set 
of universal functions for handling 
interrupts, I/O, file management, and 
more. Using these functions eliminates 
application-killer timing errors because 
you don't have the chance to design 
them in, in the first place. 

You can use VRTX as the foundation 
of even the most complex applications, 


‘velopment oa 


lity Is a dead issue. 


including those requiring multiprocessors. _ high level language libraries for other 
And by building your application this standard compilers, and a multi- 
way, you'll save time, money, and most of —_ processor debugger 


all, a lot of worry. Because VRTX has So why not put out a feeler? Call us 
been proven in everything from traffic at (800) 228-1249, or (214) 661-9526 from 
lights to underwater robots to F-14s. Texas. Or write Ready Systems, 449 

You won't get trapped in a technological Sherman Ave., PO. Box 610239, Palo Alto, 
comer, either CA 94306-9991. 

VRTX works with every member And start your next software develop- 
of every major microprocessor ment project with a leg up. 
family, which we support with READY 


Ada’ and C compilers. Plus | SYSTEMS 
Real Time for the Real World. 


VRTX is a registered trademark of Ready Systems. © 1987 Ready Systems Corporation. 
Other brands or product names are trademarks or registered trademarks of their respective holders. 
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V70—the 32-bit microprocessor 


with the right technology at the right time 


The V70 supermicro is your win- 
dow of opportunity into the 32-bit 
world. By moving up now, you can 
stake your claim to emerging 
markets. And get the benefits of 
high integration, exceptional 
speed and sophisticated on-chip 
functions. Allin CMOS. 


SPEED 


The V70 delivers 6.6 MIPS (max) 
at a 20MHz clock rate. The six- 
stage pipelined CPU executes up 
to four instructions concurrently. 


VIRTUAL MEMORY 
MANAGEMENT 


The on-chip demand-paged 
Memory Management Unit sup- 
ports 4 gigabytes of virtual and 
physical memory spaces. And 
gives you 4 levels of memory 
protection. 


FLOATING POINT ON-CHIP 


The V70 executes basic floating 
point operations (IEEE 754) with- 
out CO-proCessor. 


EFFICIENT PROGRAMMING 


The V70 features 32 general- 
purpose registers (each 32 bits 
wide) and a powerful instruction 
set optimized for high-level lan- 
guages and operating systems 
such as UNIX and MS-DOS. 

V70 instructions are fully compat- 
ible with the V60. A high-speed 
emulation mode gives you com- 
patibility with V20/V30 software. 


UNIX is a trademark of AT & T Bell Laboratories. 
MS-DOS is a registered trademark of Microsoft Corp. 


FAULT-TOLERANT 
APPLICATIONS 

The V70 helps you design fault- 
tolerant systems with its unique 
on-chip Functional Redundancy 
Monitor. Use two V70's, one mas- 
ter and one checker. During 
each bus cycle, the checker mon- 
itors the master and issues mis- 
match warnings. 


ON-CHIP DEBUGGING 


The V70 offers three types of de- 


bug functions on-chip. V70 users 
get full support from NEC, includ- 
ing a broad line of CMOS periph- 
erals, development tools, and 
two operating systems—UNIX 
system V and our realtime OS. 


sf you've been looking into 
the 32-bit world, it’s time to step 


through the window of opportu- 


nity. With the V70 from NEC. 
Find out about it today. 


For further information, please contact: 
BUSA Tel: 1-800-632-3531. In California: 1-800-632-3532. 
TWX: 910-379-6985. 


W. Germany 
Tel:0211-650302. Telex:8589960 NE D. 


The Netherlands 
Tel:040-445-845. Telex:51923 NEC B NL. 


Sweden 
Tel:08-732-8200. Telex:13839 NECSCAN S. 


@ Europe 


France 
Tel:1-3946-9617. Telex:699499 NEC EF. 


Italy 
Tel:02-6709108. Telex:315355 NECEIT I. 


UK 
Tel:0908-691133. Telex:826791 NECUK G. 


Hong Kong 
Te]:3-755-9008. Telex:54561 HKNEC HX. 


@ Asia 


Taiwan 

Te):02-522-4192. Telex:22372 HKNEC TP. 
Singapore 

Tel:4819881. Telex:39726 NECES RS. 


@ Oceania Australia 
Tel:03-267-6355. Telex:AA38343 NECBCD. 
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A Look At Today . _. A Vision OF Tomorrow. 


TECHNOLOGY UPDATE 


Buscon /87: Technical sessions and products 
for computer-bus designers and users 


EDN Staff 


The Buscon/87 show, a combination 
of product exhibits and technical 
sessions, moves up the East Coast 
this year, from New York last fall to 
Massachusetts this fall. You’ll be 
sure to find something of interest in 
the array of products and technical 
presentations at Buscon—even if 
you aren’t currently involved with 
computers or computer-bus prod- 
ucts. The show, which takes place at 
the Royal Plaza Hotel and Trade 
Center in Marlborough, MA, opens 
on October 5 and runs for four days. 

Although the show’s technical 
sessions will take place throughout 
the four days, exhibits of new com- 
puter products will be open only on 
October 6 and 7 between 11 AM and 
6 PM. The _ show’s organizer, 
Multidynamics/CMC (Cerritos, CA, 
phone (218) 402-8814), has a sellout 
group of about 130 exhibitors and 
expects an attendance of more than 
3000 systems designers and integra- 
tors at the exhibits and technical 
sessions. 


The Buscon technical sessions en- 
compass technical papers, 1- and 
4-day seminars, and short special 
events. If you haven’t preregistered 
for the show, you can register at the 
hotel, which will serve as the show’s 
headquarters. The hotel will house 
all the meeting rooms and exhibit 
areas. 

The cost for the complete pro- 
gram of technical sessions and ex- 
hibits is $225. Technical papers and 
presentations from the sessions will 
be available as reprints (a set is 
included in the $225 fee). If you 
want to skip the technical sessions 
and exhibits, you can register for 
the seminars independently. Semi- 
nar prices start as low as $110. 


Travel tips 


If you’re flying into the Boston 
area for the Buscon show, choose 
your arrival time carefully. Getting 
out of Boston’s Logan Airport area 
involves traveling through a tunnel, 
which is usually clogged. Avoid ar- 
riving during the morning and af- 
ternoon/evening rush hours. Even 


weekend traffic at Logan can be a 
nightmare. Instead, you might con- 
sider flying into Worcester, MA. 
Worcester is closer to Marlborough, 
and the highways aren’t as busy. 
Marlborough is located on Inter- 
state 495, west of Boston and east of 
Worcester. 

When you get to Buscon, you'll be 
able to choose from a full schedule of 
computer-bus seminars and techni- 
cal meetings. Although the product 
displays won’t open until 11:00 AM 
on Tuesday, October 6, you'll have a 
choice of four seminars to keep you 
busy on Monday. A %2-day seminar, 
“VME Bus Overview,” will provide 
a technical review of the VME Bus 
as well as details of the four sub- 
buses within the VME Bus’s frame- 
work. The instructor, Wayne Fisch- 
er of Force Computers (Los Gatos, 
CA), will also describe packaging 
considerations and bus-performance 
issues. If the VME Bus tickles your 
fancy, you might also attend an af- 
ternoon seminar by Fred Reh- 
hausser of Motorola Inc (Tempe, 
AZ): “VSB: A VME Subsystem 


BUSCON/87 TECHNICAL SESSIONS AND SEMINARS 


MONDAY, OCT 5 
SEMINARS 


TUESDAY, OCT 6 WEDNESDAY, OCT 7 
9:00 AM TO 11:00 AM 9:00 AM TO 11:00 AM 


THURSDAY, OCT 8 
SEMINARS 


DESIGNING WITH THE 

MESSAGE-PASSING 

COPROCESSOR—9:00 AM TO 
16:00 PM 


SESSION 7—ANALOG I/O 
APPLICATIONS 


SESSION 1—BACKPLANE 
SYSTEMS 


A TECHNICAL LOOK AT BUS 
STRUCTURES AND 

APPLICATIONS—9:00 AM TO 
5:00 PM SESSION 8—REAL-TIME 


KERNELS 


SESSION 2—REAL-TIME 
OPERATING SYSTEMS 
FUTUREBUS WORKSHOP—9:00 
AM TO 5:00 PM 


VME BUS OVERVIEW—9:00 AM 
TO 12:30 PM SESSION 9—SYSTEM ARCHI- 


TECTURE 


SESSION 3—INTERFACES 


IBM’s MICROCHANNEL ARCHI- 
TECTURE: EXPLORING EMERG- 


2:00 PM TO 4:00 PM 2:00 PM TO 4:00 PM ING PC 32-BIT BUS STRUC- 


SESSION 4—HIGH-SPEED SESSION 10—COMMUNICATIONS | 'URES—9:00 AM TO 5:00 PM 
PROCESSING VO APPLICATIONS 


VSB: A VME SUBSYSTEM 
BUS—1:30 PM TO 5:00 PM 


THE NUBUS AND A MACINTOSH 
ll-NUBUS WORKSHOP—9:00 AM 
TO 5:30 PM 

SESSION 11—LINKING UNIX TO 
A REAL-TIME ENVIRONMENT 


SESSION 5—HIGH-PERFORM- 
ANCE SCSI 


SESSION 12—MULTI- 
PROCESSING 


SESSION 6—TOOLS, TIPS, AND 
TECHNIQUES 
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Our New 


68020 VME SBC 


Gives You 
a Port 
for any Storm 
OB68K/VSBC20” 
with 
OMNIMODULES” 


You work hard to find a 68020 
single board computer that meets 
your I/O requirements. If you can’t 
find one, your design and budget 
could be in trouble. 


Our OB68K/VSBC20 with its 
OMNIMODULE modular I/O, 
adjusts to meet your I/O needs. It 
can give you just the right type for 
your specific application. It can 
even accommodate last minute 
changes in your I/O requirements. 
The OB68K/VSBC20’s 
OMNIMODULE socket allows you 
to add more ports, through plug in 
I/O modules. You can add 2 more 
serial ports or 20 more lines of 
parallel 1/O. Specialized interfaces 
such as GPIB or SCSI can also be 
added. Our prototyping module 
even allows you to implement 
custom I/O. And with an 
OMNIMODULE on board, the 
OB68K/VSBC20 still uses only 
one slot. 


In addition to its modular I/O, the 
OB68K/VSBC20 comes standard 
with 2 RS232C async serial ports 
and a 16-bit parallel port. The 
OMNIMODULE and on board 
serial [/O is brought out to your 
choice of front panel or P2 
connector. On board parallel 

I/O is brought out to the P2 
connector only. 


The OB68K/VSBC20 is fast and 
flexible with a 12.5 MHz 68020 
standard (16.7 and 25 MHz 
optional). Its 1 MB of parity-protected 
dual-access, low cost dynamic RAM 


operates at O-wait-states even at 
16.7 MHz! 


Additional features include: 

e 68881 or 68882 Math 
Co-Processor (optional). 

e (2) 32-pin ROM sockets 
(up to 256KB). 
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e Supports unaligned transfers 
UAT). 

e (1) 16-bit and (1) 24-bit 
timer/counter. 

e (7) prioritized interrupts. 

e |EEE 1014 (Rev. C.l) compatible. 

e 4 level VME BUS arbiter 
(optional). 

e 2 year limited warranty. 


Today your choice of 
OMNIMODULE’s include: 
e Kluge prototyping module. 
e (2) async RS232C serial ports. 
e (2) syniasync RS232C 
serial ports. 
e (2) async RS422 serial ports. 
e (20) lines of parallel I/O. 
e SCSI controller. 
e GPIB interface. 
e And more to come! 


For a free data sheet or to learn 
more about our OMNIMODULE 
modular I/O, contact our Marketing 
Manager, Peter Czuchra at 
1-800-638-5022 or (312) 231-6880 
in Illinois. Send $10.00 for a 
detailed technical manual or a copy 
of our OMNIMODULE specification. 
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OMNIBYTE 


OMNIBYTE CORPORATION 
245 W. Roosevelt Road 

West Chicago, IL 60185-3790 
In IL (312).231-6880 

Fax No. (312) 231-7042 
CALL TOLL FREE 
1-800-638-5022 


A Look At Today... A Vision Of Tomorrow. 
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TECHNOLOGY UPDATE 


Bus” will furnish information ‘about 
using VME Bus computers in multi- 
processor systems. 

Two day-long seminars are also 
available: “A Technical Look at Bus 
Structures and Applications” and 
‘The NuBus.” The first seminar will 
offer a detailed look at bus struc- 
tures in general and information 
about current popular buses and 
those that are under development 
for future applications. The seminar 
will also include comparisons of 
buses and design and marketing in- 
formation. James Davis of Summitt 
Computer Systems (Los Gatos, CA) 
will lead the seminar. 

The NuBus seminar, directed by 
George White of Corollary Inc, will 
give attendees a detailed technical 
description of the NuBus along with 
performance and cost data. The 
NuBus is becoming popular because 
Apple Computer adopted it for use 
in the Macintosh II computer sys- 
tem. For more information on appli- 
cations of the NuBus, you can at- 
tend the afternoon part of the 
NuBus seminar, in which members 
of Apple Computer’s technical staff 
will describe the Macintosh II com- 
puter and how it takes advantage of 
the NuBus architecture. You'll also 
learn how to convert existing de- 
signs so they can operate to the 
NuBus’s specifications. 

Three day-long seminars are 
scheduled for the last day of the 
show. You can attend a product and 
marketing session, a general bus 
overview, or a roundup of technical 
computer-related topics. For exam- 
ple, in the Multibus II seminar, “De- 
signing with the Message-Passing 
Coprocessor (MPC),” Intel market- 
ing engineer Shaun Maki will de- 
scribe how to apply Intel’s MPC 
chip to Multibus II applications. 

If you’re not involved with Multi- 
bus II products, you might consider 
learning about Futurebus. The US 
Futurebus Manufacturers’ and 
Users’ Group will sponsor the 
“Futurebus Workshop,” which will 
give an overview of the bus. You'll 
have an opportunity to learn more 
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about general Futurebus require- 
ments and specifications from the 
nine people in the program. 

The final seminar, “IBM’s Micro- 
channel Architecture: Exploring 
Emerging PC 32-bit Bus Struc- 
tures” would have been better split 
into two independent sessions. As it 
is, during the first part of the pro- 
gram representatives from IBM will 
describe the Microchannel bus—the 
bus structure in the company’s new 
line of PS/2 computers. Later in the 
program, several industry represen- 
tatives will talk about disparate top- 
ics such as a low-cost Ethernet con- 
troller and the STE bus. 

The Buscon schedule also includes 
a variety of special-event meetings, 
which will occur throughout the 
conference. Meetings include the 
Multibus Manufacturers’ Group re- 
ception, discussion groups, a mar- 
keting executives’ seminar, and 
meetings of committees to discuss 
new bus architectures and stand- 
ards. 

The main technical program at 
Buscon will take place on October 6 
and 7—the same days the exhibits 
will be open. Three concurrent ses- 
sions will be held each morning and 
each afternoon. The technical ses- 
sions will cover a broad spectrum of 
topics, but hardware-related topics 
will dominate. The sessions will re- 
volve around three major areas: sys- 
tem and bus architecture, real-time 
software, and I/O techniques. 

Four of the technical sessions (1, 
3, 9, and 12) will deal with general 
bus architecture, system architec- 
ture, and multiprocessing applica- 
tions. For example, in “Backplane 
Systems” (Session 1), participants 
will discuss backplane and bus is- 
sues such as metastability and tim- 
ing considerations. In the “Multi- 
processing” meeting (Session 12), 
the speakers will describe how mul- 
tiprocessing takes place on several 
different buses. 

Three other sessions (5, 7, and 10) 
will cover topics that appeal to peo- 
ple who connect computers to exter- 
nal devices. In the “High-Perfor- 


mance SCSI” session (Session 5), 
the five speakers will talk about 
integrating high-performance 
SCSI; multiprocessing applications; 
cache storage; and SCSI protocol 
chips. In Session 7, five other 
speakers will describe how you get 
analog signals into computers used 
for data-acquisition and digital-sig- 
nal-processing applications. Also, 
because communications with other 
computers and I/O devices require 
high-speed communications, Ses- 
sion 10 will address serial buses, 
networks, and other communica- 
tions schemes. 

If software holds more appeal for 
you than hardware does, you'll prob- 
ably want to attend at least one of 
the three sessions (2, 8, and 11) that 
cover real-time software. For exam- 
ple, in Sessions 2 and 8 you'll re- 
ceive an overview of real-time ker- 
nels and _ operating systems. 
Likewise, in Session 11, you'll learn 
more about using Unix and Unix- 
like operating systems in real-time 
environments. 

Sessions 4 and 6 don’t fit into one 
of the above categories, but both 
offer helpful information. In the 
“High-Speed Processing” meeting 
(Session 4), you'll have a chance to 
hear speakers talk about applica- 
tions that depend on fast pro- 
cessing. Examples include image 
processing, document processing, 
and digital signal processing. You 
may also find something worth lis- 
tening to in the potpourri of topics 
in Session 6, which is entitled 
“Tools, Tips, and Techniques.” Top- 
ics on the schedule include emula- 
tive testing of w~P-based systems, 
developing real-time software with- 
out writing code, low-cost I/O devel- 
opment, and desktop CAE solu- 
tions. EDN 
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Start solving your design 
problems today! 

Gould offers two powerful 
tools to help the digital design 
engineer track down and elimi- 
nate intermittent failures. Used 
separately or teamed together 
with sophisticated triggering, 
they provide the power to 
resolve design problems. 


The K450B Logic Analyzer, 
with 80 channels at 100MHz or 
40 channels at 200MHz, gives 
you an overview of the whole 
system so that individual 
glitches or timing errors can 
be located. 


Using the 4070 Digital Storage 
Oscilloscope, with 2 or 4 chan 
nels at 400 Megasamples per 
second, you can capture the 
analog details of the waveform 
and find noise transients or 
race conditions which can be 
the source of the failure. 


Put Gould on your design team 
with our special combination 
offer on scopes and analyzers. 
Call 1-800-GOULD-10 or write 
to Gould Inc., Test & Measure- 
ment Group, 19050 Pruneridge 
Ave., Cupertino, CA 95014 


4070 DSO 


2 or 4 channels @ 400MS/s 
(400 Megasamples/sec.) 


Auto Setup!M 


Built-in 4 color screen plotter 


K450B LA 


80 channels all @ 100MHz/ 
40 channels @ 200MHz 


Electronics 
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Designing VLSI circuit boards that work the first 
time isn't child’s play. You can’t do it without fast, accurate 
feedback on design and test quality. 

Now count on Teradyne to help. With our new family 
of CAE products, you'll uncover flaws before they’re cast 
in hardware. So you'll be able to jump from initial design 
directly to final prototype. And from design to manufac- 
turing test. 

Start with a firm design foundation. 

The process starts with DATAView our new design 
entry system. Running it ona standard AT-class PC, you 
can control the whole design process right at your desk. 
From schematic entry and waveform analysis on the PC 
to simulation and fault simulation on more powerful net- 
worked computers. All with the same mouse-and-menus, 
multiple-window interface. 

You move from schematic capture to simulation 
effortlessly. DATAView’s links with our LASAR Version 


6 simulation system save hours of model compilation time. 
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Teradynes new CAE tools help you get to market faster 1 


Incremental compiling lets you revise a design and resimu- 
late in minutes. 
Make your design work together before 
it comes together. 

LASAR Version 6 is the only sure way to avoid multi- 
ple trips to artwork as well as costly rework steps in manu- 
facturing. Because its simulation accuracy is unmatched 


Teradyne networks advanced CAE tools for convenience and performance. 
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ving you a working prototype the first time. 


for analyzing PC board designs prior to prototyping. For 
instance, LASAR takes full device timing specifications 
into account for true worst-case timing analysis. And it 
eliminates shared timing ambiguity in reconverging sig- 
nals. Both of which mean LASAR finds real design errors 
reliably. 

Finally, you can use LASAR fault simulation. It will 
uncover testability problems and untested circuit functions 
before it’s too late. 

Simulation without trial and tribulation. 

LASAR also takes care of the board modeling prob- 
lem. It includes models of over 4000 devices. And the most 
popular gate array libraries. 

For new VLSI parts, our DATASource hardware 
modeling system uses actual devices instead of software 
models. A single system supports multiple users and 
concurrent fault simulation. With extraordinarily fast 
response. 

LASAR and DATASource work with any VAX. For 
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simulations up to 25 times faster, you can use our new 
parallel/multiprocessing host, DATAServer. It will give 
you quick results, with full LASAR precision. 
Teradyne makes it easy. 

If you want to avoid multiple prototypes and get 
to market faster with better products, Teradyne’s new 
CAE system is the way. Why not call Daryl Layzer at 
(617) 482-2700, ext. 2808 for more information. Or write 
Teradyne, 321 Harrison Avenue, Boston, MA 02118. 


VAX is a trademark of Digital Equipment Corp. __ 
AT is a trademark of International Business Machines Corp. 


We measure quality. 
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PRODUCT UPDATE 


IC supports PS/2 graphics modes 
and 800 <600-pixel, 16-color resolution 


The PVGAI is a single-chip graph- 
ics controller that the manufacturer 
claims provides both hardware and 
software compatibility with IBM’s 
Video Graphics Array (VGA), 
which is the standard graphics in- 
terface for the Personal System/2. 
The company also offers two VGA- 
compatible boards based on the 
chip. 

Because the chip is compatible 
with the VGA at the register level, 
you can program the graphics hard- 
ware directly instead of program- 
ming only through the software-in- 
terface portion of the VGA BIOS 
(basic input/output system). This 
hardware compatibility confers a 
greater degree of confidence that a 
PVGA1-based board will be VGA 
compatible: In the past, application 
programs for the PC have bypassed 
the BIOS and accessed the graphics 
hardware directly to gain a speed 
advantage. 

Besides supporting the VGA 
functions, the chip also supports the 
graphics standards developed for 
MS-DOS systems: the EGA (en- 


RESET 


CLOCK INPUTS . 


14.318 MHz 


SYSTEM | 
ADDRESS 
20 


SYSTEM 


-BUS-CONTROL LINES 


DATA/ 
ADDRESS 


DATA j » 
16 : BUFFER CONTROL 


VIDEO-MONITOR 


SYNC LINES | 


You can implement a VGA-compatible graphics board with as few as 21 chips; in contrast, 
IBM’s VGA add-in board for the PS/2 uses 32 chips. 


hanced graphics adapter), MDA 
(monochrome display adapter), 
CGA (color graphics adapter), and 
Hercules and AT&T Model 6300 
graphics boards. Note, however, 
that the chip supports the EGA 
standard only to the BIOS level, not 
to the register level. 


Several companies have ex- 


pressed concern about the ability of 
any manufacturer other than IBM 
to develop graphics controllers that 
are fully compatible with the VGA, 
because IBM has not documented 
all of the VGA board’s graphics 
modes. The PVGAI’s manufacturer 
claims that the undocumented VGA 
modes are used only for production 


ee — = 


A RAMDAC for your graphics boar | qd 
If you use the PVGAI or a similar graphics- 
controller IC to design a graphics board for the 7 
IBM PS/2, you’ll need a RAMDAC, a high-speed a 
D/A converter that incorporates a color look-up 
table in its RAM. Although IBM uses the Inmos 
use in a board compatible with IBM’s 8514/A (an 
- optional higher-resolution graphics board for the - 
_PS/2). The Bt478’s 80-MHz frequency eliminates 
the flicker that some viewers have complained — 
about in the 8514/A. The Bt471 and Bt478 each = 
cost under $20 in OEM quantity. 
_ Brooktree Corp, 9950 Barnes Canyon Rd, Soy 
Diego, CA 92121. Pho 


G171 RAMDAC on its PS/2 graphics-controller 
boards, you have an alternative: You can use the — 
Bt471 or Bt478 RAMDAC from Brooktree. Each 
comes in a 44-pin plastic leaded chip carrier. 

This package is larger than the G171’s 28-pin 

DIP, but the larger size allows for oe ae . _ 


tures. 
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The Bt471 and Bt478 soporte: as many 2 as : 
eight bit-planes plus four over ay ee so » the 


can dicgley. 256 ‘acleuie colors and 15 over- 
lay colors. The total palette aa 
the Bt478 also offers 16M colors 

: operate at 40 or 80 MHz. The manufacturer 
claims that the Bt478 RAMDAC is suitable for 
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Next time you’re looking for DC/DC 
converters, look to us first! We believe 
we've crammed more values into 
these tiny devices than any other 
manufacturer yet. Values that are 
setting the industry standards. 


®@ LOW COST 

® Surface-mount technology for 
rugged performance and small size 

® Over 450 standard models 

®@ Regulated and unregulated outputs 

@ Standard 1000VDC isolation 

® Six-sided shielding 

®@ Wide operating temperature range 
of —40°C to +100°C 

® Input and output filtering 

® Customs available 

@ And much, much more! 


Make us your first source. Ask your 
Burr-Brown sales representative for 
complete details. Or call 602-746-1111. 
Burr-Brown Corp., P.O. Box 11400, 
Tucson, AZ 85734. 


Make Us Your 
irst Source 

or DC/DC 
Converters 


BURR -BROWN® 


Improving Power/Conversion 
Productivity 
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Introducing MiniZa 


ESD Simulator for Company 


all other Series 2000 
simulators. 

LED display measures actual 

discharge voltage at the tip, even 

in high rep rate operation. 


Two models 
starting at $2,850* 


Realistic, repeatable 
pulses to + 15 KV. 


Single shot and 
repetitive pulses. 


TRUE-ESD™ 
air discharge and FR/CI™ 
current injection modes 
meet existing and 

proposed IEC specs. 


One piece, rugged, 
portable, battery or 
AC operated for 
routine field use. 


_ For literature on MiniZap and 
the growing 2000 family of ESD 
simulators, call (617) 658-0880. 


a ff Keylex 


Keylek Instrument Corporation 
260 Fordham Road 
Wilmington, MA 01887 

Phone (617) 658-0880 

TELEX 951389 


*USA 
price list 
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UPDATE 


testing of the board’s custom ICs 
and do not affect any graphics pro- 
gramming. 

The PVGA1 implements a propri- 
etary mode that offers 16 colors and 
a resolution of 800X600 pixels 
(which is, not coincidentally, the 
maximum resolution of an NEC 
Multisyne monitor). Its mono- 
chrome mode provides 1280x1024- 
pixel resolution. The vendor claims 
that boards based on the PVGAI1 
will offer better performance than 
that of the VGA; the company’s pro- 
prietary bus interface for the 
PVGAI1 allows data transfers of 8 
bits over the PC bus and 16 bits over 
the PC/AT bus. 

Another mode, Mode 18, specifies 
a resolution of 320X200 pixels and 
256 colors. In your search for higher 
resolutions to render more realistic 
images, don’t forget that although 
pixel resolution is the most impor- 
tant factor in 2-D images, when you 
perceive 3-D images your eye is 
most sensitive to color resolution. 
Mode 13 is important for displaying 
digitized photographs. | 

Samples of the PVGA1 are avail- 
able now; production quantities will 
be available in October. The chip 
costs $60 (100) and comes in a 100- 
pin plastic pin-grid array, plastic 
leaded chip carrier (PLCC), or plas- 
tic flat pack. It comes with a VGA- 
compatible BIOS. The Paradise 
VGA graphics board, which offers 
the same resolution as that of the 
IBM VGA, costs under $400; the 
Paradise VGA-Plus offers 800 x600- 
pixel, 16-color resolution and sells 
for $600.—Margery S Conner 

Paradise Systems Inc, 217 E 
Grand Ave, South San Francisco, 
CA 94080. Phone (415) 588-6000. 
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MODEM MODULES 


QUALITY 


QUICK-TO-MARKET 


Let’s face tt, 

introducing a new product is like 

a race, and being quick to market can put 
you ahead of the competition. 


But being first does not assure the road to 
success. You need a quality product with a 
proven track record. 


Cermetek is an established industry 
leader ready to enhance your product with 
the advanced features you need—without 
the hassles of FCC registration. 


You'll be amazed at how easy and fast it is. 
Just plug a Cermetek modem module onto 
your printed circuit card and connect your 
system’s UART. Next, connect to a standard 
phone line via an RJ-11C jack and you're 
ready to go. 


Since all of Cermetek’s integral modem 
modules are already FCC Part 68 registered, 
you can avoid registration delays of up to 
six months. The registration certificate is 
shipped with each modem for placement 
on your equipment. 


Next time your product needs a 
quality, quick-to-market solution, 
CHOOSE CERMETEK. 
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MODEM MODULE SELECTION TABLE 
FEATURE CH17L60 CH1765 CH17L70 *CH1780 


SPEED 1200, 1200, 1200, |2400, 1200, 
(bps) 300, 110 | 300, 110 | 300, 110 | 300, 110 
FCC** 

REGISTERED 

HOST SERIAL at SERIAL | SERIAL 
INTERFACE TTL TTL TTL TTL 
AUTOMATIC 

OPERATION 

CALL MODEM 
PROGRESS ANSWER 
DETECTION YES TONE 
COMMANDS es 
SYNCH/ 

ASYNCH 

OPERATION BOTH BOTH | ASYNCH BOTH 
SIZE 

(Sq inches) 


+5V +5V +5V 


POWER 


*Low profile 


**DOC registrable 


Cermetek Microelectronics, Inc. 
1308 Borregas Avenue 
Sunnyvale, CA 94088 


~ TEL: 408/752-5000 


TWX: 910-379-6931 
FAX: 408/752-5004 
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PRODUCT UPDATE 


Expert system shortens ASIC development 
cycle by reviewing and improving designs 


The Design Advisor is a menu-driv- 
en expert system that reviews pro- 
posed ASIC (application-specific in- 
tegrated-circuit) designs and offers 
advice on how to improve them. 
Exploiting expertise derived from 
more than 1000 man-years of design 
experience and textbook knowl- 
edge, the system provides a compu- 
terized resource for managing and 
optimizing your design process by 
targeting potential trouble spots 
and actual design errors, and by 
suggesting possibilities for design 
optimization. 

The system is an integral element 
of the manufacturer’s ViSys stand- 
ard-cell and gate-array design envi- 
ronment, and it uses a design data- 
base representation that’s common 
to all the system tools in the ViSys 
environment. You input design data 
to the system via a net-list descrip- 
tion of your circuit-logic schematic. 
You can generate a net list for com- 
pleted portions of your design and 
apply the Design Advisor to either 
specific modules or to the entire 
design. 


The 


Design Advisor, an AI expert system for ASIC designers, takes advantage of more than 


Combining a database of design 
knowledge with an underlying 
multiparadigm reasoning system al- 
lows the expert system to analyze 
and recommend action related to 
logic design, testability, timing 
analysis, cost effectiveness, and 
logic minimization. The knowledge 
base encompasses such parameters 
as chip timing, synchronicity, testa- 
bility, performance, and I/O. The 
software can also consider factors 
affecting overall design quality and 
manufacturability. 

Using a hierarchy of design attri- 
butes to structure its reeommenda- 
tions, the Design Advisor checks 
your design for compliance with 
fundamental design techniques, in- 
cluding general rules for maintain- 
ing synchronous circuitry and warn- 
ings to prevent hazardous timing 
practices. The system also gener- 
ates suggestions for minimizing die 
size to reduce manufacturing costs. 
An advice contradiction-and-opposi- 
tion feature lets you resolve contra- 
dictions through dialogue with the 
system. Thus, the software helps 


1000 man-years of relevant experience and knowledge to provide design advice. 
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you think through an issue and 
make certain that you haven’t over- 
looked any details. 

According to the manufacturer, 
the Design Advisor can perform 
most hierarchical module analyses 
in seconds or minutes, and you can 
reuse all hierarchical analyses to 
speed your final full-chip analysis. A 
“what-if” analysis feature lets you 
automatically review the results of 
various design strategies to investi- 
gate design tradeoffs. Based on a 
truth-maintenance inference engine 
called Proteus, the expert system 
uses nonmonotonic reasoning to 
maintain consistent results in the 
face of new or conflicting input. 

The system’s multilevel menu- 
driven interface provides a format 
consistent with other ViSys tools. It 
features mouse-triggered com- 
mands, pop-up menus, a help facili- 
ty, and an explanation utility to 
simplify your interaction with the 
system. 

Currently, the manufacturer of- 
fers the Design Advisor as a dial-up 
design service with fees starting at 
$4000 per analysis. It plans to offer 
the system as a licensed option for 
its standard ViSys ASIC design sys- 
tem in early 1988. The software will 
run on a Mentor Graphics Idea engi- 
neering workstation under Lucid 
Common Lisp. The Design Advisor 
is the first commercial product 
using technology developed at the 
Microelectronics & Computer Tech- 
nology Corp, a cooperative research 
consortium supported by 20 US- 
based electronics companies. 

—J D Mosley 

NCR Corp, Microelectronics Div, 
8181 Byers Rd, Miamisburg, OH 
45842. Phone (513) 445-8467. 
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© 1987 MathSoft, Inc. All rights reserved. 


_ Nowyoucancalculate 
with the same freedom yo 


MathCAD.” The first software that 
lets you do calculations on your PC as simply 
as on a scratchpad. Just define your variables 
and enter your formulas anywhere on the 
screen. MathCAD not only formats your 
equations as they’re typed, it instantly calcu- 
lates the results, and displays your work in 
real math notation. 

But MathCAD is more than an 
equation solver. In addition to the usual trigo- 
nometric and exponential functions, it in- 
cludes built-in statistical functions, cubic 
splines, Fourier transforms, Bessel functions, 
and more. It also handles complex numbers 
and unit conversions in a completely trans- 
parent way. 
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And here’s the best news. Aaa 


Even with all this power, MathCAD _-- 
is so easy to learn, you'll be : : 
using itinan hour. With ~—.- a 
MathCAD you can -— 
concentrate imme- 
diately on your 
problem, not your 
computer. 

What kind of calculations 
can you do with MathCAD? Anything you 
have a formula for—from working out your 
mortgage payments to solving a heat transfer 
problem, or modeling electrical circuit 
parameters. 

You can display your results as 
numbers, tables, or graphs, and combine 
them just like you do on paper. Add text 


New features in MathCAD 2.0 


This major MathCAD upgrade includes such new 
features as: built-in equation solver « full matrix 
operations * two- to four-times increase in calcula- 
tion speed « easier full-page text processing * auto- 
scaled plots - memory enhancements « additional 
printer and plotter support * and more. Call for 
detailed spec sheet. 
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to support 
your work. 
~ And try an 
unlimited num- 
ber of “what-ifs.” 
MathCAD lets you 
see and record every 
step. Then print your 
entire calculation in 
standard math notation as 
an integrated document that 
anyone can understand. 

Why spend another minute doing 
calculations by hand or writing and debug- 
ging programs? Put MathCAD to work for you 
now. Call today for further information and 
the name of a MathCAD dealer near you. 


1-800-MathCAD 


(In Massachusetts: 617-577-1017) 


MathCAD 


MathSoft, Inc., 1 Kendall Sq., Cambridge, MA 02139 


Requires IBM PC® or compatible, 512KB RAM, graphics card. 
IBM PC® International Business Machines Corporation. 
MathCAD™ MathSoft, Inc. 
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PRODUCT UPDATE 


Modular 1500W power supply 


offers user configurability 


The Model 6D Multimod power sup- 
ply’s totally modular construction 
gives you maximum design flexibili- 
ty. The 1500W switching power sup- 
ply accommodates six separate out- 
put modules, and any module can 
include multiple outputs. The entire 
supply measures 5X8X138.5 in. and 
offers 2.8W/in® power density. 

The power supply consists of a 
mainframe that houses the plug-in 
modules. The mainframe accepts 
115 or 230V ac inputs and converts 
the ac power to 300V de. Each mod- 
ule is actually a de/de converter that 
receives power from the 300V de 
bus. The supply employs 100-kHz 
MOSFET switching components 
and meets all international safety 
and emission standards such as 
VDE, CSA, and UL. 

Because of the manufacturer’s 
modular approach, designers can es- 
sentially choose from many off-the- 
shelf configurations. If your config- 
uration uses modules with standard 
output voltages, the company can 
deliver your order in two days to 
four weeks. It can also provide fast 
delivery (eight to 16 weeks) of con- 
figurations that include modules 
with nonstandard voltages, because 
it only has to design and build the 
new modules. 

You can now choose from single- 
output 300W modules ranging from 
2 to 48V de; the company also plans 
to offer multiple-output modules 
and modules that occupy more than 
one of the six plug-in spaces. A line 
of 750W triple-wide modules, for 
example, will be available soon. 

All of the output modules use 
current-mode control techniques 
and are therefore inherently capa- 
ble of current sharing. You can par- 
allel the outputs of the modules to 
increase power ratings, and you can 
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Six output modules provide 1500W total 
power for the Model 6D. The supply meets all 
international safety and emission stand- 
ards. 


also parallel the modules to build 
fault tolerance into a system. With 
any module, you have the option of 
specifying internal isolation diodes, 
which allow you to isolate redundant 
parallel supplies in fault-tolerant ap- 
plications. 

The output modules have all the 
following pertinent specs in com- 
mon. Outputs are adjustable to 
+10% of nominal voltage, and line 
and load regulation are each 0.2% of 
the rated output. A current step- 
load change of 25% causes a maxi- 
mum deviation of 3%, and the out- 
put will recover to within 1% of the 
nominal voltage within 400 psec. 

The modules also spec a thermal 
regulation of +0.02%/°C, and ripple 
and noise are each 1% or 50 mV, 
whichever is greater. The modules 
include current limiting, overvolt- 
age protection, reverse-voltage pro- 
tection, and remote sensing. A sup- 
ply equipped with six single-output 
modules costs $1500. 

—Maury Wright 

Powertec Inc, 20550 Nordhoff St, 
Chatsworth, CA 91311. Phone (818) 
882-0004. TWX 910-494-2092. 
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WORLD'S 
SMALLEST 
DIP SWITCH 


SAME SIZE 
AS AN 
IC 


THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS AN IC 


YOU CAN USE AUTOMATIC 
INSERTION EQUIPMENT! 


If you don’t have automatic insertion equip- 
ment, we’re banking that some day you will. To 
prove that, we'll charge you the same low price 
for all your purchases—no more need for the 

low-volume premium prices you’re paying now. 


AVAILABLE IN 
2,3, 4, 5,6,7&8 
POSITIONS 


FREE SAMPLE! 


WITH STAPLED BUSINESS 
CARD TO YOUR LETTERHEAD 


AMERICAN RESEARCH 
& ENGINEERING 
1500 EXECUTIVE DRIVE 
ELGIN, IL 60123 
12-888-7245 


Gan ther blr! 
CIRCLE NO 15 
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GPIB@PC 


[| én tok. 
| 800/531. 4742 


See us at er ore. —_ Booth #1219 
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PRODUCT UPDATE 


SCSI protocol IC performs 
20M-byte /sec host transfers 


Joining a growing list of third-gene- 
ration SCSI protocol ICs, the AIC- 
6250 supports asynchronous and 
synchronous data transfers across 
the SCSI bus. The CMOS IC in- 
cludes a dual data-bus interface on 
the host side, and the host interface 
supports data transfers as fast as 
20M bytes/sec. Single-ended bus 
transceivers are included on the 
chip; if you wish, you can directly 
interface external differential trans- 
ceivers to the on-chip logic. 

Like other third-generation SCSI 
chips, the AIC-6250 not only in- 
cludes state machines for perform- 
ing the SCSI protocol, but also auto- 
matically performs such functions 
as arbitration, selection, and 
reselection. The IC fits both target 
and initiator applications. As a tar- 
get, the IC will automatically gener- 
ate a response to selection or 
reselection. 

The chip’s architecture serves to 
offload the host’s bus: In fact, the IC 
frees the host bus as much as 93% of 
the time during access to a SCSI 
peripheral. The chip uses a 16-bit 
bus to handle 8- or 16-bit data trans- 
fers in DMA or programmed I/O 
modes. A separate 8-bit data port 
allows the controlling wP to access 
the control registers at all times, 
even during DMA transfers. 

On the SCSI-bus side, the IC per- 
forms 3M-byte/sec asynchronous 
transfers. You can program the chip 
for a synchronous offset of 8 bytes, 
and you can achieve 5M-byte/sec 
synchronous transfers. An 8-byte 
FIFO buffer links the SCSI bus and 
the host-bus interface. The chip can 
burst data into or out of the buffer 
at 20M bytes/sec. 

You may choose to have the SCSI 
chip transfer data only into a local 
buffer: The AIC-6250’s host inter- 


Combining 5M-byte/sec synchronous SCSI 
transfers with 20M-byte/sec host transfers, 
the AIC-6250 SCSI protocol chip targets 
high-performance applications. 


face works just as well with a local 
wP and memory as it does with a 
general-purpose computer host. 
The chip also features automatic 
parity generation and checking, and 
it has two general-purpose I/O 
ports. In differential applications, 
the I/O ports control the differential 
transceivers. You can interface the 
SCSI chip to a pP without using 
glue logic, even if the pP uses a 
multiplexed data/address bus. The 
chip can interrupt the controlling 
wP on any of 14 conditions. 
Samples of the AIC-6250 are 
available now, and production quan- 
tities will be available in the fourth 
quarter. The IC costs $20 (1000) and 
is packaged in a 68-pin plastic 
leaded chip carrier. 
—Maury Wright 
Adaptec Inc, 580 Cottonwood Dr, 
Milpitas, CA 95035. Phone (408) 
432-8600. 
Circle No 633 
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Who delivers 
PWMs in ceramic, 
plastic and 


surface mount? 
The General does. 


Isnt that 
just what you 
Bear} «would expect 
age from the inventor 
of the pulse 
width modulator? 

Now we are in the third generation 
WM's with a truly broad line. Fourth 
eration parts are on their way. 

The General processes PWM's to 883B, 
.C and Class S. All standard package types 
offered including SOIC, LCC, and PLCC. 

All parts are available on short lead 
es. Sample quantities for evaluation pur- 
es can be shipped immediately. 


It in QPL Plant. 

You are assured quality. MIL-M-38510 
roval has been granted for our plant 
yroduce JAN parts. JAN products include 

MIL-M-38510/10103 BGA and the 
| -M-38510/13001 BEA. 
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A PRODUCT MATRIX TOBUILDBY. Procedures devel- 
oped by Silicon 
General to achieve 
this status include 
quality assurance, 
testing, burn-in, 
careful assembly 
and fabrication 
programs and 
other elements 
of high reliability manufacturing technology. 
New catalog available. 

Ask for your free copy, please address 
Silicon General, 11861 Western Ave., Garden 
Grove, CA 92641. Phone (714) 898-8121. 

TWX 910-596-1804. FAX (714) 893-2570. 


SILICON 
GENERAL. 
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Think 


New thinking in design automation that gets your thinking to market faster . . . 
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Create schematics faster with correct-by-construction 
design and on-line Electrical Rules Checking 
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Begin PCB design with a feasibility check, then rely on a 
full suite of tools for autoplacement, high-completion 
autorouting, and design rule checking 


You have to think fast to stay ahead of the competition. And 
you can't afford bottlenecks in design. 


Intergraph eliminates bottlenecks with 5-MIPS processing 
power — the fastest workstation on the market. We give you 
the power you need to drive correct-by-construction 
schematic design, digital and analog analysis, timing-correct 
IC layout, high-completion PCB autorouting, 64-bit 
mechanical design and analysis, and electronic publishing. 
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environment 
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Logic analyzer type display for interactive digital 
analysis using HILO-3® 


Jeane wt 
gSaneea 


Power and ground planes are generated 
automatically 


We combine that power with outstanding color graphics in a 
Unix System V.3 workstation — a machine that talks readily 
with other processors on the network. 


The Intergraph workstations provide transparent database 
sharing and fast, easy communication with IEEE 802.3 
(Ethernet) networking, XNS and TCP/IP protocols, and NFS 
file sharing. 
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Easy-to-use virtual instruments provide a familiar 
interface for analog analysis using Intergraph s 
Cspice or ACS 


— 
_ 


Fi 
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Bits 


A dedicated package for thick and thin film hybrid 
design features automatic resistor generation and 
automatic routing of chip and wire parts and SMDs 


So the next time you think about integrating all your project 
tasks and speeding up development, do what many 
FORTUNE®500 companies are doing. Think Intergraph. 


HILO is a registered trademark of GenRad, Inc. 
FORTUNE is a registered mark of Time, Inc. 
Tangent Systems is a trademark of Tangent Systems Corporation 
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Reduce ASIC die size and improve yield with Tangent 
Systems’ timing-driven layout, automatic design for 
testability, and test pattern generation 


64-bit mechanical design packages and electronic 
publishing software round out a system for total 
product development 


For more information or a demonstration, call your nearest Intergraph 
representative. Call toll-free 1-800-826-3515 or (205) 772-2700. 
Call (31) 2503-66333 in Europe. 


Think Intergraph for Superior Design Automation 
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It's possible to put together 
your own ISDN chip set. Sub- 
scriber controller here, power 
supply there, line card device 
from somewhere else. 

But why? Advanced Micro 
Devices can deliver the whole 
connection. 


The ISDN chip set that’s 
made for each other. 


With AMD's five chip set, 
everything is included. All 
designed to work together. 
And to conform to the CC 
recommendations. 


Am 79C401 


S 
INTERFACE 


The set is so highly inte- 
grated, you wont need extra 
chips for things like dialing 
and ringing. 

~ Each of AMD's chips was 
designed to take advantage of 
the most efficient technology 
for its function, including 
bipolar and CMOS. The set 
consists of the Am79C30 
Digital Subscriber Controller, 
the Am79C31A/312A Digital 
Exchange Controller, the 


Am79C32 ISDN Data Con- 
troller, and the Am7938 Qua 
Exchange Power Controller 
which works with the 
Am79C31A/312A. And it wont 
be long before welll have 
protocol devices like the 


Am79C401 Integrated Data 
Protocol Controller. 


oftware made for 
our chip set. 


Once you've got hardware, 
you'll probably be needing 
some software. That's easy AMD 
has everything from low level 

evice drivers to AMLINK, our 
LAPD software. 

AmLINK implements soft- 
ware interfaces defined in the 
CCITT Q.921/931 recommen- 
dations. AMLINK is modular 
and it’s independent of the 
operating sys- 
tem, giving you 
added flexibility. 
And, because 
you need it, 
source code is 
available. 

We also 
rovide well 
ocumented 
evelopment 


boards that 


come complete with demon- 

stration software. Understand- 
ing the capabilities, flexibility 

and functionality of complex 

ISDN chips has never been 


Am 79C31A 
or 
Am 79C312A 


easier. 


Field trial proven. 


Theres one more good 
reason why you should pick 
AMD. Our ISDN chips are in 
field trials with Illinois Bell, 
Mountain Bell, the Deutsche 
Bundespost and others. The 
chips were certified in field 
trial test beds. And they're 
still in use today. 

Get in touch with AMD for 
more information. Then get 
your product off to a great start. 

d finish. 


Advanced 
Micro Devices « 


901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088 
Call toll-free (800) 538-8450 ext. 5000; inside California call (408) 749-5000. 
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YOUREON 
AS YOUR 


When youre trying to build the hottest And that’s the whole idea behind our Tripl 
new products you can think of, you need the Technology™ Which gives you the ability to 
latest, most sophisticated ASICs available. combine analog, digital, and E? cells all on t] 
And the greatest number of ways to use them. same chip. And the confidence that they all. 


JUNE JULY 


VCO34M High Frequency VCO EEPROM Megacells 

Key Features: Min Max Units Key Features: 
Absolute Frequency 6 34 MHz Min Max Units 
Center Frequency 12 30) MHz Memory Size 256 8192 (Bits) 
Frequency Control Voltage, Vin 0.7 2.8 Volts Access Time 200 ~—sns 
Adjustable Gain 1 10 MHz/Volt Data Retention 10 years 
Center Frequency Tolerance 10% . Write Cycles 10,000 operations 
Duty Cycle 40 60 %o 
Operating Power (f out = 30 MHz) 200 mW 


TEST (to EEHVSI or EEHVI2) 


EEPROM Megace II 


AD => Busy/Ready 
VPP (from EEHVSI or EEHVI2) 


f out 


Coupled with its companion cell, CHGPMP, and digital 
phase detector logic, this 2 micron CMOS cell becomes the 
heart of a high-performance phase-locked loop subsystem ona 
chip. It allows integration of high speed analog functions such 
as data separators along with significant amounts of digital logic 
(> 10K gates). 


These EEPROM Megacells feature standard serial test 
interface, auto power down after read or write, Busy/Ready 
handshake for simplified system write timing, built-in 
endurance/retention test, and are programmable from external 
or on-chip VPP supply. They are fully compatible with all 
the digital and analog cells in the Triple Technology™ 2 micron 
CMOS cell library. 
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Y AS GOOD 


LAST IDEA. 


ther, since they’ve all come from the same 
rce. Of course, we already give you the 
est cell library in the industry. But every 
ith this year, we'll use this space to introduce 


AUGUST 


ADC 12B 12 Bit Dual-Slope A/D Converter 


ey Features: 
Accuracy 
12 Bit + Sign 
Operating Range 
5V + 10% 0° to 70°C 
Conversion Rate 
3/Second 
Technology 
2uCMOS 
Power Down Current 
<1pA 
Input Resolution 
50uV 


This new cell contains all the analog circuitry necessary 
) perform a 12 bit + sign conversion. The ADC 12 B’s 
ower down feature makes it ideal for low-power transducer 
pplications. In addition it’s integration-zero phase 
liminates over-range “hangover” effects and crosstalk in 
nulti-channel systems. The COPDAD version of this cell 


nterfaces directly with our COP800 core microcontroller. 


our latest ideas. To give you more possibilities 
than ever. If you’d like to see our complete 
library card, just write or call. In the meantime, 
just look what we've done for you lately. 


SEPTEMBER 


Real-time Clock for COP™800 Microcontroller Core 
Key Features: 

Parallel interface to Sierra core cell 

Low power/independent operation 

Programmable interrupt system 

In-cell 32 KHz micropower crystal oscillator 

Timekeeping from 1/10 sec. to years 

Available in Sierra’s 2-micron CMOS standard cell library. 


INTERRUPT 
OUTPUT 


CONTROL 
INPUTS 


DATA/I/O COPRTC 


ADDRESS 
INPUTS 


The COPRTC Real time clock peripheral has a direct 
interface to the COP800. Its 32 KHz crystal oscillator allows 
independent operation while the controller core cell is in 
a low power halt state. The interrupt timer can “wake up” the 
controller at user programmable intervals. This peripheral 
keeps time with tenth second resolution and includes an 
automatic leap-year calculation. This cell represents only 
the latest demonstration of our commitment to introduce the 
highest performance cell-a-month throughout 1987. 


4". Sierra Semiconductor 
WW” Triple Technology. In CMOS. 


2075 North Capitol Avenue, San Jose, California 95132. Telephone (408) 263-9300 
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READERS’? CHOICE 


Of all the new products covered in EDN’s July 9, 1987, issue, the ones reprinted here generated the most reade1 
requests for additional information. If you missed them the first time, find out what makes them special: Just 
circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in our 
July 9, 1987, issue. 


. elcome to Smal ita lk 
mCopyright 1986 Digits 


re Cas _ fo- om / \ MOTOR-DRIVER ICs 
Reais pe fe Ase af ay The L6217 and L6217A stepper-motor driver ICs allow 
= 7 y you to subdivide the motor’s step interval into 64 or 128 
microsteps, respectively (pg 124). 
peta | SGS-Microelettronica SpA. 
iffrue: Is an og Te Circle No 601 
ries ee. & “~ | | SGS Semiconductor Corp. 
———— oscar Circle No 602 


rpm LK 


A SMALLTALK FOR PC 


Smalltalk/V is a version of the Smalltalk object-ori- 
ented programming language that runs on IBM PCs 
and compatibles (pg 190). 

Digitalk Inc. 

Circle No 603 


A BACKUP BATTERIES 


The »PowerCell lithium-iodine batteries have a 2.8V 
output and are available in various capacities—1Ahr 
(B-1000), 600 mAhr (B-600), and 400 mAhr (B-400) (pg 
246). 

Catalyst Research Corp. 

Circle No 605 


A SPEED CONTROLLER 


The PC-DC is a speed controller that mounts directly 
on a small de fan operating in a draw-through mode (pg 
209). 

Control Resources Inc. 

Circle No 604 
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Now you have three low- 
cost choices in Tek digital 
storage oscilloscopes. Al 
featuring powerful 20 MS/s 
digitizing along with familiar, 
full-bandwidth analog oper 
ation. It's the best of both 
worlds in one easy-to-use, 
portable package. 

Discover the potential! 
With digital storage you can 
freeze waveforms. Capture 
events invisible to non- 
storage scopes. Find sig- 
nals buried in noise. And 
build a library of reference 
waveforms. 

CRT readout and cursors 
distinguish the new 2221. 
For even higher perform- 
ance, there's the 100 MHz, 
dual time base 2230 with 
optional battery-backed 


The new 60 MHz Tek 2221 
(above) offers such features as 


CRT readout and measurement 


cursors for just $3995. 


Features 

Analog/Digital Storage BW 
Maximum Sampling Speed 
Record Length 


Peak Detect 
Save Reference Memory 


Vertical Resolution 


CRT Readout/Cursors 
GPIB/RS-232-C Options 


Battery-Backed Memory 
(save 26 waveform sets) 
Warranty 


Price 


Copyright © 1987, Tektronix, Inc. All rights reserved. TXA-795-A 


2230 @ NEW! 2221 2220 
100 MHz 60 MHz 60 MHz 
20 MS/s 20 MS/s 20 MS/s 
AK/1K AK AK 
(selectable) 

100 ns 100 ns 100 ns 
One, 4K One, 4K One, 4K 
Three, 1K 

8 bits 8 bits 8 bits 
10 bits 10 bits 

(AVG mode) (AVG mode) 

12 bits 

(AVG mode 

over the bus) 

Yes | Yes No 

Yes ($750) Yes ($500) ~—_ Yes ($500) 
Yes (inc with No No 
GPIB/ 

RS-232-C) 


3 year on labor and parts, including the 
CRT 


$4995 $2995 


$3995 
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memory for saving up to 26 
waveform sets. And if it's 
economy you want, choose 
the 60 MHz 2220 with many 
of the same features at an 
even lower cost. 

With each scope you can 
automate measurements 
with interface options. And 
output direct to a printer or 
plotter. Tek software is avail- 
able for systems. 


Call Tek direct: 
1-800-433-2323 


for free video brochure 
for orders/assistance 
In Oregon, call collect: 
627-9000 
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FREE ON 30-DAY APPROVAL! 


NEW AND IMPORTANT PUBLICATIONS 
from CRC PRESS, INC. 


CRC Handbook of LASER SCIENCE 
and TECHNOLOGY 


(Volumes Sold Separately) 
Editor-in-Chief MARVIN J. WEBER, Ph.D., Lawrence 
Livermore National Laboratory, University of California., 
Livermore, California. 


Volume I: LASERS and MASERS 
568 pages/1982 
Catalog no. 3501 YF...U.S.$115.00° 
Circle 79 for free 30-day exam 
Volume II: GAS LASERS 


584 pages/1982 


Catalog no. 3502 YF...U.S.$115.00 

Circle 80 for free 30-day exam 
Volume III: OPTICAL MATERIALS, PART 1 
480 pages/1986 
Catalog no. 3503 YF...U.S.$109.00 

Circle 81 for free 30-day exam 
Volume IV: OPTICAL MATERIALS, PART 2 
544 pages/1986 
Catalog no. 3504YF...U.S.$115.00 

Circle 82 for free 30-day exam 
NEW! 
Volume V: OPTICAL MATERIALS, PART 3 
536 pages/1987 
Catalog no. 3505 YF...U.S.$125.00 

Circle 83 for free 30-day exam 


NEW EDITION! 
CRC Handbook of 


MATHEMATICAL SCIENCES 
| 6th Edition 


The new and revised edition of this widely acclaimed math 
reference has been revised and expanded to offer the user 
more concise, up-to-date data with quick and easy acces- 
sibility. New additions include: solution of nonlinear 
equations, summary of significance tests and confidence 
intervals, analysis of variance (ANOVA) tables, and vari- 
ance and expected mean squares, variance for graeco-latin 
squares, and variance for balanced incompleted block. 992 
pages, 1987. 

Catalog no. 656YF...U.S$64.95 

Circle 84 for free 30-day exam 


BY CIRCLING THE APPROPRIATE 
NUMBERS ON THE READER SERVICE 
CARD IN THE BACK OF THIS MAGAZINE, 


YOU ARE ORDERING THE BOOK(S) FOR 
TRIAL EXAMINIATION. 


FIBER OPTICS 


Edited by JAMES C. DALY, Ph.D., Professor, Depart- 
ment of Electrical Engineering, Univeristy of Rhode Is- 
land, Kingston, Rhode Island. 


Experts in the field present the theoretical and practical 
knowledge necessary for understanding and designing 
fiber optic communication systems. This book bridges the 
gap between classical communication practice and the new 
techniques required to design fiber optic communication 
systems. Engineering rules for designing systems are also 
given and supported by theoretical treatments. 256 pages, 
1984. | 

Catalog no. 5103 YF...U.S.$69.95 

Circle 85 for free 30-day exam 


OPTICAL WIDEBAND 
TRANSMISSION SYSTEMS 


Edited by CLEMENS BAACK, Ph.D., Professor, Hein- 
rich-Hertz-Institut fur Nachrichtentechnik, Berlin, West 
Germany. 


Practical and theoretical aspects of high bit rate systems (1 
to 2 Gb/sec) for long-range transmission are explored in 
depth by noted West German scientists. The function of 
individual components as well as the system as a whole and 
performances of systems under study in several countries 
are examined. 224 pages, 1986. 


Catalog no. 6152 YF...U.S.$93.50 
Circle 86 for free 30-day exam 


NEW EDITION! 


CRC STANDARD 
MATHEMATICAL TABLES 
28th Edition 


This new and revised edition provides the user with a broad 
spectrum of traditional and modern mathematical science 
data. New additions include: powers of numbers, sums of 
powers of the first n intergers, partial differential equa- 
tions, factors for computing control limits, and mathemati- 
cal symbols and abbrevations. 688 pages, 1987. 

Catalog no. 628YF...Prepub., U.S.$24.95 


Circle 87 for free 30-day exam 
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High-Iech. 
Take-Away 


The portability and low price of our 
M 3632 brings logic analysis within 
>ach of every user in industry and 
ducation. 

But not at any cost in performance. 

Because this remarkable personal 
gic analyzer out-performs all other 
struments in its class on the market! 

Compare some of the benefits of 
is ‘high-tech take-away’ for yourself: 

100 MHz acquisition speed, or up to 
2 channel data width cover demand- 
g state/time applications in digital 
ystems. 

Wide ranging microprocessor sup- 
ort (incl. 68000/68010 and 8086/ 
087/8088 16-bit devices) and ROM 
mulation enhance operational ver- 
atili 

Powerful triggering and menu-driven 
peration combined with status dis- 
lay, screen prompts and fingertip 
ontrol provide easy user access to 

1-function logic analysis. 


hilips, one of the world’s largest elec- 
onic companies, is a major innovator, 


anufacturer and user of precision © 


2st and measuring instrumentation. 


‘oO product credibility in technology, 


sability and reliability is assured. 


Test & 
Measurement 
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Test the difference and you'll 
agree that Philips wins on price and 
performance! 


Write to: Philips I & E, T & M department, Building 
HKF70, 5600 MD Eindhoven, The Netherlands or call 
your local supplier: Austria (222) 629141-0; Belgium (2) 
5256692/94 Denmark (1) 572222; Finland (0) 5257225; 
France (1) 48301111; Germany (561) 5010; Great Britain 
(0223) 358866; Ireland (1) 693355; Italy (39) 36351; 
Netherlands (40) 782808; Norway (2) 680200; Portugal (1 ) 
683121; Spain (1) 4042200; Sweden (8) 7821800; 
Switzerland (1) 4882211 


PHILIPS 
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LEADTIME INDEX 


Percentage of respondents 


%. 
e =. 
oO 2, r ) 3 
* 4 <, % % e x i 
% “; oa i “_ o 4.8 4% 
% & %& & & & BH 

% 6 4% 4 8 BO &% 
ITEM 
TRANSFORMERS 
Toroidal 19 31 gf 0 O $9 76 
Pot-Core 11 22 45 22 0. 0: 7? 68 
Laminate (power) 20 13 54 13 0 0 67 107 
CONNECTORS 
Military panel 33 0 & 0 0 0 §3 162 
Flat/Cable 21 54.07 8 0 0 43 41 
Multi-pin circular 23 23 1. 39 0 0 79 97 
PC 33 1 8645—CO«*MT 0 0. 56 97 
RF/Coaxial 8 39 38 15 0 0 66 71 
Socket 19 48 19 14 #O O 52 65 
Terminal blocks 23 36 23 18 0 0 = 87 53 
Edge card 22 33 28 17 0 0 58 63 
D-Subminiature 7K) 34 40 13 0 0 63 86 
Rack & panel 18 18 37 27 0 0 77 68 
Power 30 20 20 30 0 0 69 88 
PRINTED CIRCUIT BOARDS 
Single-sided 5 53 42 0 0 0 49 85 
Double-sided 6 47 47 0 0 O 82 62 
Multi-layer 0 21 63 16 0 0 81 95 
Prototype 8 77 6M 4 0 0 38 38 
RESISTORS 7 
Carbon film 43 33 ©20 4 0 0.31 47 
Carbon composition 50 27. ‘Sb 8 0 0 32 37 
Metal film 36 32 32 0 0 0 35 47 
Metal oxide 40 40 20 0 0 0 28 59 
Wirewound 15 3/ =. 26S 0 O 66 60 
Potentiometers 11 32 39 18 0 0 69 61 
Networks 30 22 39 9 0 0 51 69 
FUSES 

50 28 22 0 0 0 26 47 
SWITCHES 
Pushbutton 19 24 = §2 5 0 0 56 56 
Rotary 6 25 «63 6 .0 0 67 65 
Rocker 21 36 «= 336 7 0 0 50 64 
Thumbwheel 13 31 44 23 0 0 64 77 
Snap action 24 29 3. 12 0 0 55 64 
Momentary 25 17 +50 8 0 0 58 67 
Dual in-line 18 27 =646 9 0 0 59 75 
WIRE AND CABLE 
Coaxial 40 40 20 0 0 0 28 36 
Flat ribbon 29 38 29 4 0 0 41 42 
Multiconductor 40 20 40 0 .0 0 38 50 
Hookup 61 30 9 0 0 0-16 3.2 
Wire wrap 26 19 . 55 0 0 0-80: 43 
Power cords 36 32 20 12 0 0 44 59 
POWER SUPPLIES 
Switcher 11 22 #56 2 6 6) 74 8.0 
Linear 0 27 53 20 0 O 82 86 
CIRCUIT BREAKERS 

11 33 28 28 0 0 75 60 

HEAT SINKS 

22 48 17 13 0 0 48 44 
RELAYS 
General purpose 35 20 20 25 0 0 61 70 
PC board 16 26 32 26 0 0 74 10.7 

126 


% 
.e) 4 4 % 
oe 4 ws 45 % ban ¥ % 
eo %4%4%% % 46% 
5 &%& & & & BB 

% $6 4 & & 6 BY W& 
ITEM 
RELAYS 
Dry reed 17 2 “go 33. of 0 79 89 
Mercury 14 29 29 29 0 0 76 88 
Solid state 27 27 26 20 O 0 60 79 
DISCRETE SEMICONDUCTORS 
Diode 35 4 19 2a 1 0 80 72 
Zener 24 28 =: 2B «3 0 74 74 
Thyristor 31 2 8 3i 0 0 66 87 
Small signal transistor 39 13 30 18 O 0 55 81 
MOSFET 25 21 WF 17 #«O 0 62 89 
Power, bipolar 26 30 31 8 £4220 0 54 103 
INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 11 26 «Co 37 = 10 5 11.7 93 
CMOS 17 22 22 35 4 0 89 99 
TH 29 19 28 24 0 0 65 91 
LS 33 3 2 2 9 0 66 87 
INTEGRATED CIRCUITS, LINEAR 
Communication/Circuit 23 31 2 23 =O 0 63 80 
OP amplifier 13 2 33 2 =O 0 79 89 
Voltage regulator 16 28 36 4620~—O0 0 68 84 
MEMORY CIRCUITS 
RAM 16k 25 2 8 42 O 0 79 N13 
RAM 64k 16 32 10 42 0O 0 83 13 
RAM 256k 14 36 14 36 O 0 78 16 
RAM 1M-bit 0 67 O 17 6G O 88 126 
ROM/PROM 8 33 25 25 9Q 0 90 134 
EPROM 64k 22 22 6 44 6 0 94 12.0 
EPROM 256k 6 44 8 31 6 0 88 121 
EPROM 1M-bit 0 0 38 50 12 oO 139 15.1 
EEPROM 16k 13 12 #13 50 12 O 123 126 
EEPROM 64k 9 18 9 46 8 O 130 13.4 
DISPLAYS 
Panel meters 9 2f oe. 9g 0 0 66 85 
Fluorescent 0 33 17 50 QO 0 101 105 
Incandescent 0 33 50 17 #420 0 76 68 
LED 17 33 42 4 4 0 60 73 
Liquid crystal 5 18 41 32 4 0 99 88 
MICROPROCESSOR ICs 
8-bit 20 0 .47 33 0 . 89 84 
16-bit 21 7 4 2 O 81 11.1 
32-bit 8 39 23 23 7 0 85 104 
FUNCTION PACKAGES 
Amplifier 17 3 7 3 O 0. ..%0 75 
Converter, analog to digital 3 #31 #199 8 O O 83 88 
Converter, digital to analog 13 34 123 40 0O 0 83 95 
LINE FILTERS 

20 20 2 3 =O 0 79 13 
CAPACITORS 
Ceramic monolithic 31 28. 24 0 0 59 56 
Ceramic disc 27 28 24 21 0 0 60 52 
Film 19 a7 31 19 4 0 73 64 
Aluminum electrolytic 17 21 28 34 #0 0 82 78 
Tantalum 22 25 22 31 0 0 73 74 
INDUCTORS 

21 42 16 21 0 0 58 80 


Source: Electronics Purchasing magazine’s survey of buyers 
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The Bull Questar 210 computer cabinet 
rade of Bayblend 


Light stab! 
If youw’re looking for the right material, 
fl a an eC reta ra a nt why not do as Bull’s design engineering 
department did: talk to Bayer! 


For the cabinet of the Questar 210, Bull 
now use the PC/ABS blend Bayblend. 


w 
4 ) This is a thermoplastic noted for its high 
D a S : C S a light stability, good flame retardance and 


high heat resistance. 


Bayer has one of the world’s biggest 

~ ranges of high-performance engineer- 
ing plastics: 
®A pec (PAR), ®Bayblend (PC + ABS), 
®Bayfol (PC blend film), 
®Baygal/®Baymidur (PUR casting resins), 
®Desmopan (TPUR), °Durethan (PA 6, 
PA 66), °Leguval (GR-UP), °Lekutherm 


ELGEne 
(EP), ®Makroblend (PC blends), 
fro an RB Ul # ®Makrofol (PC film), °Makrolon (PC), 
x ®Novodur (ABS), °Petlon (PET), 


®Pocan (PBT), °Tedur (PPS). 


Whether it’s light stability, flame retard- 
ance or some other property you need: 


ai a | k tO F a a r Talk to Bayer, and together we'll find 
| a the answer to your material problems. 
» Ce Cee Cees ee See ee 


For more information write to: 


\; Bayer AG, AV-Informationsvermittlung 
. ce Postfach 800149, D-5000 K6in 80 


1/KU 3972 e.i. 544/9.87 


Plastics Business Group 


Bayer ¢5) 
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FORGET THE LIG 


Gna 
ee 


S LHE BATTERIES 


EXEL's CMOS E?7PROMs make your life bearable. 


Let's get serious -- when you 
want reliable non-volatile 
memory, you don't have to set- 


Sea age tle for an EPROM that can'tbe 


reprogrammed in-system, or a 

static RAM with an expensive 

| battery. And, if you want speed, 

| you don’ thave to resort toa hot 
4 little bipolar number, either. 


E2PROMS SIMPLIFY YOUR SYSTEM 


Thanks to EXEL’s state-of-the-art family of 
E7CMOS PROMs, you can get all the 
non-volatile memory you need without 

all those little extras that can clutter upa 
well-designed system. 

EXEL’s thin oxide floating gate EB? 
technology has made us the leader in 
high-performance E. Now you can reap 
the benefits with E7PROMs. 

If you want all of the advantages of 
E? technology, fast in-system program- 
ming, low power consumption and 100% 
testability, we provide the 4K, 16K, and 
64K XL2804, XL2816, and XL2864/65. 

These full-featured E7PROMs eliminate the need 
for static RAMs and batteries. 


OUR E2PROMS CUT POWER, NOT SPEED 


When you want blazing speed, but don’t necd heat, 
24-pin SPEED PROMs provide 16K and 64K pin- 
for-pin replacements for those sizzling bipolar 
PROMs. In skinny DIP, DIP, LCC, or PLCC, the 
XL46HC64L provides 8K x 8 memory with 35ns 
access time! Consuming only 100 microAmps 
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standby, and only 75 milliAmps active at 10 MHz, 
the XL46HC16L/64L can lighten any power load. 


F-PROMS NEED NO LIGHTS 


Ofcourse. And no windows, either. Pin-compatible 
with 24-pin UV PROMs, the XL46HC64 is 
economical, erasing is easy and programming takes 


~ a second or less, instead of minutes or hours. 


START FAST, STAY COOL 


At EXEL, we ‘Vg spent years worrying about every 
little detail of E” technology so p you don’t have to. 
We’ve established thin oxide E” as the fast, reliable 
technology for the future. 
And we’ve made it down the 
cost curve, too, so you reap 
the benefits of E? without 
paying a heft Ly price. ve 
economical E PROMs an 
ERASIC™E“PLDs ween us 
the leader in innovative E 
memory and logic devices. 
And you can rest easy 
about the future, too. Why? 
EXEL controls its own, ultra 
modern, Class 10 production 
lines. Plus, we’re MIL-STD 883C compliant. So, 
whatever your needs, we re ready, with affordable, 
low power and high specd E°PROMs. 
Call today for our E 2PROM databook and find 
out what cool friends EXEL’s E* PROMs can be. 


2150 Commerce Drive EXE! 


San Jose, CA 95131 
(408) 432-0500 
TWX 910-338-2116 
TELEX 171339 


EXEL Microelectronics, Inc. 
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High-speed - 


EPROMs 


Today’s high-speed EPROMs can deliver access times 
ranging from 100 to 25 nsec, and the faster of these 
CMOS EPROMSs fit into designs that previously 
required bipolar PROMs. Also, thanks to these new 
ICs, designers can implement no-wait-state nonvolatile 
memory in 20- to 30-MHz wP-based systems. 


Maury Wright, Regional Editor 


Ya may be used to reading headlines touting 1M-bit (and larger) 
EPROMs, but the new generation of high-speed EPROMs is equally 
important. Recently introduced CMOS devices, in fact, specify access times 
as low as 25 nsec. These nonvolatile-memory ICs fit applications such as 
bit-slice designs, which previously required the speed you could only find in 
bipolar fuse-link PROMs. When designing DSP and general-purpose pP- 
based systems, you can use EPROMs with access times of 100 nsec and less 
to implement a design with zero-wait-state memory accesses, even as wP 
clock speeds reach 30 MHz and faster. 

Although the scope of this report is limited to high-speed EPROMs, 
semiconductor manufacturers are pursuing two other developments in 
EPROM technology as well: the above-mentioned high-capacity EPROMs 
and EPROMs combined with specialized logic. Of course, vendors are also 
interested in related nonvolatile-memory technology such as EEPROMs. 
Nonetheless, the development of high-capacity EPROMs does have a 
bearing on the development of high-speed EPROMs—for reasons that will 
become clear as you read this article. | 

If you consider the semiconductor market as a whole, EPROM sales 
volumes are second only to dynamic RAMs. Consequently, EPROMs serve 
as a proving ground for new semiconductor processes. Traditionally, the 
larger vendors have been interested primarily in developing high-capacity, 
high-volume commodity parts. Production-quantity shipping of 1M-bit 
EPROMs began this year, and the first 4M-bit parts will appear in 1988. 

You can expect these same commodity manufacturers to begin offering 
EPROMs with on-chip logic for specific applications. They plan to build 
EPROMs for specific applications much the way they designed dynamic 
RAMs for video applications and other niches. In fact, a few companies 
already offer products specific to certain applications (see box, “EK PROMs 
with application-specific logic emerge”). 

It’s only been during the last couple of years that IC manufacturers have 
concerned themselves with high-speed EPROMs, and even now, few 
commodity-EPROM manufacturers participate in this market segment. By 
the middle of next year, however, you can expect all the major EPROM 
manufacturers to introduce sub-100-nsec parts. 

The first available high-speed EPROMs targeted applications normally 
served by bipolar PROMs. These EPROMs serve in applications such as 
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CMOS EPROMS with access times as low 
as 25 nsec can directly replace bipolar 
PROMS 1n existing designs and can even 
match the bipolars’ fanout specs. 


control stores in bit-slice-based designs and in state- 
machine implementations replacing random logic. Such 
EPROMs typically feature access times from 60 to 25 
nsec. The CMOS parts are pin-for-pin compatible with 
existing bipolar PROMs; indeed, they even meet the 
fanout specs of the bipolar devices. Thus, you can 
substitute the CMOS EPROMs for bipolar PROMs in 
existing designs. 

Texas Instruments was the first major EPROM man- 
ufacturer to enter the high-speed market; in the first 
quarter of this year, the company introduced the 16k- 
bit TMS27C291/292. The former is enclosed in a 300-mil 
DIP, and the latter comes in a 600-mil DIP. The 
company offers the parts with 35-, 45-, and 50-nsec 
access times, and it plans to offer a PLCC version later 
this year. As a frame of reference, a 45-nsec 
TMS27C292 costs $9.73 (100). 


CMOS EPROMs replace bipolar PROMs 


The TMS27C291/292 are direct replacements for 
standard bipolar PROMs. According to marketing man- 
ager Pradeep Shah, Texas Instruments should have a 
64k-bit device available around the end of the year. 
Shah explains that the company used proven technolo- 
gy to achieve the fast access times. The parts are 


WORD LINE 


PROGRAM 


BIT 
LINES 


READ 


Fig 1—Separate read and program transistors in Cypress’s EPROM 
cells result in access times as low as 40 nsec and ensure reliable 
programmability. 
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constructed with 2-4m CMOS technology; the memory 
array uses a folded-cell configuration, and each cell has 
two transistors with differential sensing. (Traditional- 
ly, commodity EPROMs employ a single-transistor 
cell.) Because of its differential cell, the sense amp can 
detect a programmed or unprogrammed state with less 
voltage swing and therefore a faster access time. 

International CMOS Technology also uses a differen- 
tial cell in the EPROMs it offers as bipolar-PROM 
replacements. Available with access times spanning 35 
to 55 nsec, the 27CX321/322 and 27CX641/642 store 32k 
and 64k bits, respectively. The ICs feature a x8 organi- 
zation and come in 600- or 300-mil DIPs. A 45-nsec 
27CX641-45 costs $49.80 (100); a 55-nsec version costs 
$41.50 (100). 

The EPROMs mentioned above, and in fact all the 
EPROMs discussed in this article (unless otherwise 
noted), are enclosed in windowed ceramic packages. 
Even the 300-mil devices include a window and are 
programmable and erasable (just like commodity 
EPROMs). You simply need an ultraviolet-light eraser 
and a properly configured standard EPROM program- 
mer. Some of the devices are also available in window- 
less ceramic and plastic one-time-programmable pack- 
ages. 

Cypress marketing manager Tom North sees several 
advantages to using CMOS EPROMs in place of bipolar 
PROMs. He says that the CMOS parts result in a power 
savings of at least 50% compared with bipolar equiva- 
lents. They cost approximately the same as their bipo- 
lar counterparts, but they save you money because of 
their reduced power consumption—especially where 
new designs are concerned. 


Power-down mode favors CMOS EPROMs 


According to North, you can realize even greater 
power savings when you choose a part with a power- 
down mode. Of Cypress’s broad range of bipolar- 
replacement EPROMs (4k to 128k bits), several offer a 
reduced-power mode. The CY7C251, a 128k-bit (16k- 
byte) device, consumes 550 mW when operating and 
165 mW when the chip-select input isn’t active. The 
part costs $97.20 (100), comes in a 300- or 600-mil DIP, 
and features a 45-nsec access time. The 8k-byte 
CY7C261 has similar power specs; a 40-nsec version 
costs $52.55 (100). Few bipolar PROMs offer a power- 
down mode, and the ones that do suffer from a delayed 
access when the chip-select input is activated. : 

Cypress uses a 4-transistor cell in its 4k-, 8k-, and 
16k-bit parts and a 2-transistor cell in its higher- 


EDN September 17, 1987 


apacity EPROMs. Rather than taking a differential- 
ransistor approach, the 2-transistor cell allocates one 
ransistor for the programming function and one tran- 
istor for the read function (Fig 1). The floating gates 
f the two transistors are connected. The 4-transistor 
ell also splits the read and programming functions, but 
mploys differential transistors for both tasks. North 
laims that higher capacities require reduced cell size 
nd therefore fewer transistors to maintain economical 
le sizes; for this reason, the company has committed 
‘self to the 2-transistor cell approach. 

Cypress also offers 4k-, 8k-, and 16k-bit parts with 


output latches (also called registered EPROMs). The 
CY7C245 16k-bit (2k-byte) device, which costs $39.55 
(100), includes an output latch and an initialization 
feature. The output latch serves applications such as 
synchronized pipelined system designs; designs such as 
state machines use the initialization byte to begin 
operation. A single input pin controls the loading of the 
initialization byte into the output latch. The initializa- 
tion feature essentially adds one extra byte of storage 
to the EPROM array. Other registered EPROMs in- 
clude the CY 7C225/235 4k- and 8k-bit parts, which cost 
$13.05 and $11.65 (100), respectively. These devices 


EPROMs with application-specific logic emerge 


IC manufacturers have begun to add logic to 
their EPROM arrays and to target the finished 
products at specific applications. Manufacturers — 
have seen many application-specific RAM niches 
materialize and envision a similar scenario for 

_ EPROMs. The first products include relatively 
little logic, but you can anticipate that this situa- 
tion will change as manufacturers devise new 
applications. 

Intel has led the way in providing EPROMs 
that include specialized functions. Consider the 
27513 512k-bit page-addressable EPROM. The 
device’s paged organization allows four 128k-bit 
pages to be mapped into a single 128k-bit ad- 
dress space. The EPROM can directly replace a 
27128 and quadruple the storage capacity with 
only firmware changes to the design required. It 
costs $11 (10,000). 


Take your pick 

For users of ~Ps with multiplexed data and 
address buses, Intel offers the 87C257 and : 
68C257 256k-bit EPROMs. The former interfaces 
to Intel single-chip Cs; the latter, to Motorola 
single-chip wCs without any glue logic. The 
EPROMs are priced at $8.50 and $8.80 (10,000), 
respectively. Fujitsu (Santa Clara, CA) plans to 
introduce a product similar to these next quar- 
ter. The company will offer versions with x8 
and x16 organizations. 

Texas Instruments has taken a different ap- 
proach to adding logic to EPROM arrays. Ac- 
cording to marketing manager Pradeep Shah, 
customers specify the logic to be added, much 
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like they do when designing a semicustom IC. 
Shah explains that, if you need a lot of logic and 
a small memory array then you're better off 
with a standard-cell or gate-array approach, but 
if you need a large EPROM array with some 
added logic, you can have Texas Instruments 
customize the chip for you. 

So far the company has added logic to an 
EPROM for demultiplexing a data/address bus 
like the Intel chip does; in other cases, it has 
added registers and control logic to EKPROMs. 
The company will not quote prices, but you can 
expect to pay some nonrecurring-engineering 
(NRE) costs and a premium per IC unless you 
buy in large quantities. 


By combining logic with an EPROM array on the 87C 257 and 
68C 257, Intel provides an EPROM that interfaces to popular 
single-chip Cs with no external logic. 


135 


Major semiconductor manufacturers have 
begun to introduce devices that are pin 

compatible with commodity EPROMs, yet 
feature access times of less than 100 nsec. 


come only in plastic one-time-programmable packages. 

Cypress breaks the access-time spec for its regis- 
tered EPROMs into two parts. The CY7C245, for 
example, has a 25-nsec setup time and a 12-nsee clock- 
to-output time. Pipelined systems that use registered 
EPROMs typically rely on the clock-to-output spec to 
derive performance. 

The manufacturer offers nonregistered 8k- and 16k- 
bit EPROMs, too. The 30-nsec plastic CY7C281 stores 
1k byte and costs $6 (100). The 35-nsec, 2k-byte 
CY7C291 costs $12.75 (100) in a windowed ceramic 
package or $9.75 (100) in plastic. 


Access time to reach 20 nsec this year 

According to North, Cypress plans to have some of 
its EPROMs available with 20-nsec access times by the 
end of this quarter. He believes it will be a couple of 
years before CMOS EPROMs can reliably and economi- 
cally offer access times of less than 20 nsec. (If and 
when available, however, designers could use 10- to 
15-nsec EPROMs for logic replacement. ) 

Not surprisingly, Cypress also plans to expand its 
product line with higher-capacity, high-speed 
EPROMs; a 55-nsec, 256k-bit part, for example, should 
appear early next year. Such higher-capacity devices 
exceed the capacity of currently available bipolar 
PROMs. Fortunately, however, the JEDEC standards 
committees have defined pinouts for yet-to-be-an- 
nounced higher-capacity PROMs, and the EPROMs will 
fit these standard pinouts and packages. 

Your EPROMs don’t have to match the bipolar 
PROMs’ packages. The planned 64k-, 128k-, and 256k- 
bit capacities of the high-speed EPROMs are the same 
as the popular commodity EPROMs. JEDEC standards 
for commodity-EPROM pinouts and packages do differ 
from JEDEC bipolar-PROM standards, but you can 
actually use either pinout in a design. Designers are in 
the habit of using the commodity-EPROM standard 
pinout with microprocessors. 


TABLE 1—ZERO-WAIT-STATE REQUIREMENTS 


| _uP___| CLOCK FREQUENCY | MAX EPROM ACCESS TIME 


ence BM ac 
68020 = 7onsEC 

ee ae 
56000 | 20MHz 55 nSEC 
320025 | . 


40 MHz 40 nSEC | 
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In general, the large semiconductor manufacturers 
plan to build high-speed EPROMs that are identical to 
their existing commodity-EPROM product lines. The 
advent of general-purpose and DSP wPs with clock 
frequencies exceeding 20 MHz has prompted the need 
for faster EPROMs. To maximize system performance, 
designers are intent on ways to ensure zero-wait-state 
access between the wP and memory (including 
EPROMs). Without high-speed EPROMs, they’d be 
forced to implement schemes to download code from 
slow EPROMs to fast static RAM. Table 1 lists the 
EPROM access times required to provide zero-wait- 
state memory access with some popular Ps. 

The rush by commodity-EPROM manufacturers to 
provide high-speed, high-capacity parts has already 
begun. New commodity-EPROM designs will specify 
150 nsec as the slowest acceptable speed. The 128k-bit 
Intel HMOS 27128B, for example, provides a 110-nsec 
access time and costs $13.30 (100). 

Another major vendor, Hitachi, has introduced the 
HN27C256HG, a 256k-bit device capable of 70- or 
8o-nsec access times. A 70-nsec version costs $15 (5000). 
General Instrument has similar plans for its CMOS 
product line. You can buy the 70-nsec 64k-bit 27HC64 
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Fig 2—The single-transistor split-gate cell, which Waferscale uses 
in its EPROMs, provides sub-100-nsec access times and is only 
marginally larger than the stacked-gate cell found in industry- 
standard commodity EPROMs. 
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or $19.50 (1000); a 45-nsee version will soon be avail- 
ible. By the end of the year, General Instrument also 
ylans to have 256k-bit EPROMs with access times 
‘anging from 55 to 90 nsec. 

As you well know, commodity-EPROM manufactur- 
rs have spent years tuning their designs for maximum 
apacity. Thus far, these manufacturers have at- 
empted to speed up the parts without making radical 
hhanges to the industry-standard, single-transistor, 
tacked-gate cell. The smaller specialty EPROM manu- 
acturers, however, entered the market with well- 
lefined high-speed design goals. 


split-gate cell provides speed 


Waferscale Integration, for instance, claims to have 
ichieved its array-capacity, access-speed, and pro- 
rramming-reliability goals by perfecting a single- 
ransistor cell. Fig 2 depicts a standard stacked-gate 
ell and Waferscale’s split-gate cell. The split-gate cell 
nereases read currents and therefore provides access 
imes as low as 35 nsec. According to Dale Prull, 
Naferscale’s director of corporate communications, the 
ompany’s IC designers wanted to use a single- 
ransistor cell to ensure that they could economically 
uild a large array. The company plans to build a 1M-bit 
“PROM with the split-gate cell structure. 

It has used the split-gate cell in EPROMs that comply 
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The 8k-byte 300-mil-DIP WS57C49B from Waferscale provides an 
alternative to bipolar PROMs and features access times as low as 35 
NSEC. 


with both bipolar-PROM and commodity-EPROM pack- 
aging standards. The bipolar-PROM replacements come 
in capacities ranging from 16k to 128k bits. All of the 
devices feature X8 organizations and are available in 
windowed 300-mil and 600-mil ceramic DIPs and lead- 
less ceramic chip carriers. The 16k-bit WS57C191/291 
(45 nsec), 32k-bit WS57C48 (55 nsec), 64k-bit WS57C49 


PROGRAMMABLE PY ° U 
INITIALIZATION EDGE-TRIGGERED 
WORD REGISTER 03 


n output latch and an initialization feature make the Cypress CY7C225/235/245 EPROMs suitable for implementing state-machine 


esigns. 
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The need for fast Ps to do zero-wait-state 
memory accesses has played a mayor role in 
driving Iigh-speed EPROM technology. 


(55 nsec), and 128k-bit WS57C51 (70 nsec) cost $9.75, 
$24.50, $23, and $50 (100), respectively. 

The company’s EPROMs that meet the commodity- 
EPROM pinouts all have 55-nsec minimum access 
times. For 64k-bit needs, you can choose the 8kx8-bit 
WS57C64F or the 4kx 16-bit WS57C65. The parts cost 
$23 and $31 (100). The 128k-bit WS57C128F has a 
byte-wide organization only; it costs $50 (100). The 
256k-bit WS57C256F and WS57C257 each cost $90 (100) 
and are organized as 32kx8 and 16kx16 bits, respec- 
tively. 

Atmel Corp also sells CMOS EPROMs for both com- 
modity-EPROM and bipolar-PROM pinouts. The $43.76 
(100) 64k-bit 27HC64 complies with the standard 28-pin 
commodity package and specs a 45-nsec access time. 
The 64k-bit 27HC641/642 parts, also featuring 45-nsec 
access times, come in bipolar-compatible 300- and 600- 
mil DIPs and sell for $38.44 (100). The 55-nsec, 256k-bit 
commodity-EPROM-compatible 27HC256 costs $74.17 
(100). 

Designers need fast EEPROMs to implement zero- 
wait-state systems just like they need fast EPROMs. 
Applications such as aerospace and telecommunications 
demand designs allowing new code to be loaded into a 
system without replacing modules or semiconductors. 
Such applications also justify the 3 to 5x price premium 
for EEPROMs as compared with EPROMs. Jim Oli- 
phant, Xicor’s director of marketing, claims that in any 
design you can justify the cost of an EEPROM vs an 
EPROM if at least one field upgrade is required. With 


EEPROMs, you can easily design a system that can be 
updated without disassembly. 

Atmel has been able to combine its high-speed cell 
technology with its EEPROM expertise to achieve fast 
access times, thanks in part to its single-transistor 
stacked-gate cell, 2-layer metal, and sense-amp design. 
The 2kx8-bit 28HC16 EEPROM has a 45-nsec access 
time, complies with the standard commodity-EPROM 
pinout, and costs $17.16 (100). The 35-nsec 28HC191/ 
291 EEPROM features a similar 2k x8-bit organization 
in a 300- or 600-mil bipolar-replacement package and 
costs $12 (100). The manufacturer also offers a 64k-bit 
EEPROM, the 28HC64. This device is compatible with 
the standard-EPROM pinout and is priced at $85.80 
(100). Its access time is 55 nsec. The company plans to 
introduce a 90-nsec, 256k-bit EEPROM within the next 
quarter. 

Xicor’s X2864H 64k-bit EEPROM comes in a 90-nsec 
version for $85.25 (100) or a 70-nsec version for $120.81 
(100). In addition, Seeq has 16k- and 32k-bit, 35-nsec 
EEPROMs that offer both standard-EPROM pinouts 
and bipolar-PROM pinouts. The 2kx8-bit 36C16 and 
4k x8-bit 836C32 EEPROMs are housed in 300-mil DIPs. 
The 36C16 costs $18; the 36C32 costs $30 (100). The 
38C16 and 38C32 provide identical organizations in 


standard EPROM packages and cost $27 and $38 (100), 


respectively. EDN 


Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 


Hitachi America Ltd 
2210 O’Toole Ave 

San Jose, CA 95131 
(408) 435-8300 

Circle No 694 


Atmel Corp 

2095 Ringwood Ave 
San Jose, CA 95131 
(408) 434-9201 
Circle No 691 


Intel Corp 

1900 Prairie City Rd 
Folsom, CA 95630 
(916) 351-8080 
Circle No 695 


Cypress Semiconductor Corp 
3901 N First St 

San Jose, CA 95134 

(408) 943-2600 

Circle No 692 


General Instrument Corp 
2355 W Chandler Blvd 
Chandler, AZ 85224 

(602) 963-7373 

TWX 910-950-1963 

Circle No 693 


2031 Concourse Dr 
San Jose, CA 95131 
(408) 434-0678 
Circle No 696 


138 


Manufacturers of high-speed EPROMs 


_ For more information on the high-speed EPROMs such as the ones discussed in this article, contact the following 
_ manufacturers directly or circle the appropriate numbers on the Information Retrieval Service card. 


International CMOS Technology Inc 


Seeq Technology Inc Xicor Inc 


1849 Fortune Dr 851 Buckeye Ct 
San Jose, CA 95131 Milpitas, CA 95035 
(408) 262-5041 (408) 432-8888 
Circle No 697 TWX 910-379-0033 
Circle No 700 


- Texas Instruments Inc 
Box 809066 
Dallas, TX 75380 
(800) 232-3200 
Circle No 698 


Waferscale Integration Inc 
- 47280 Kato Rd 

Fremont, CA 94538 

(415) 656-5400 

TLX 289255 

Circle No 699 
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HE ULTIMA 
POWER SYSTEM 


‘Ultimate’ . . . simply defined, it means the best! Without 
equal! And in the case of POWER-ONE's 1500W Power 
System, we think you'll agree the description fits. 

Specify Up To 15 DC Outputs . . . From Stock. Fully 
modular design allows the user to specify a proven multiple 
output power system from a wide selection of single, dual and ce 
triple output power modules. Virtually any combination of output 
and.current ratings, including UPS capabilities, can be delivered f 
stock. No more time consuming and costly custom designs to conte 
Industry's Highest Power Density. POWER-ONEs Internatio 
Power Series represents the most compact multiple output power 
systems available today. Up to 1500 watts of multiple output power I 
an industry standard 5 x 8 x I inch fan-cooled package. 


On-Board UPS Capability. Only POWER-ONE offers a completely 
self-contained on-board Uninterruptible Power System module providing (800) 421-3439 Ext. 113 
unlimited battery back-up of up to 1000 watts of DC output power. Available a | . 
off-the-shelf, these standard UPS modules mount entirely within the mnovatore in ower Supply Tone ay 
main enclosure of any POWER-ONE International High Power Series 


oi QGPower-oOne ~ 


A True World Market Power System. The International High Power LC. Power SUPPLIES 


From California: 


Series meets the toughest safety requirements of VDE, IEC, UL and CSA, 

plus the EMI limits of VDE and FCC. Along with worldwide AC input capa- SO TE ts te 
bilities, it is the clear choice for products marketed not only in the U.S., Phone: (805) 987-8741 - (805) 987-3891 
but internationally as well. _ TWX: 910-336-1297 - FAX: (805) 388-0476 
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CMOS EPROMs- 


Stop Performance. 

WaferScale can take your 
performance MPU, microcontroller, 
P processor past the conventional 

1 limitations of standard EPROMs. 

a line-up of high-density CMOS 
)Ms that make wait-states a thing of 
ast. 


; patented 1.2-micron, split gate 

S EPROM technology makes it 

ble to push 80286s, 80386s, 68000s, 
420X Xs, MC56000s and similar 
essors to maximum speed. 


x 8in 55 ns. 

for fast, byte-wide applications, 
5 32K x 8 (WS57C256F) comes 

gh with CMOS low power, high 
d, and fast standard programming. 
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16K x 16in 55 ns. 

Designed for 16-bit, word-wide DSP and 
microprocessor applications, WSI’s 16K x 
16 CMOS EPROM (WS57C257) packs 
high performance and low power into 
less board space. 


32K x 8 goes Mil-Spec in 90 ns. 

WSI's very-low-power military 32K x 8 
CMOS EPROM (WS27C256F) provides 90 
ns access time over the full military 
temperature range, and fast standard 
CMOS EPROM programming. 


In fact, WSI offers the broadest, fastest 
family of high-performance military 
CMOS EPROMS available. Every WSI 
CMOS EPROM can be specified for 
enlistment in military applications from 
advanced warning systems to secure 
digital communications. And WSI 
mil-spec devices are available in DIP or 
space-saving CLLCC packages. 


Break some barriers of your own. 
Whether you’re piloting commercial or 
mil-spec, WSI can take your design 
through the performance barrier with the 
fastest fleet of high-performance CMOS 
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EPROMs around. To find out more, call 
today: 800/331-1030, extension 234 
In California, call: 

800/323-3939, extension 234. 


Selected WSI High-Performance 
EPROMs/RPROMs 


Commercial Military 
Speed Speed 


55 ns 70 ns 
WS57C€257 55 ns 70 ns 
WS27C256F  90ns 90 ns 
WS57C65 55 ns 70 ns 
WS57CO4F 55 ns 70 ns 
WS57C49 55 ns 70 ns 
WS57C49B 35 ns 45 ns 
WS57043 55 ns 70 ns 
WS57C€191/291 45 ns 50 ns 


47280 Kato Road 
Fremont, California 94538 
(415) 656-5400 


Type 
32K x 8 CMOS EPROM 


16K x 16 CMOS EPROM 

32K x 8 CMOS EPROM 
4K x 16 CMOS EPROM 
8K x 8 CMOS EPROM 
8K x 8 CMOS EPROM 
8K x 8 CMOS EPROM 
4K x 8 CMOS EPROM 
2K x 8 CMOS EPROM 


Part No. 
WS57C256F 


RPROM is a trademark of WaferScale Integration, Inc. 


TOTHE MILLIONS 
OF WORDS THAT HAVE 
BEEN WRITTEN 
ABOUT ISDN, WE'D LIKE 
TOADDA NEW ONE. 


COMPLETE. 


For years, — and receives 
youve read intel data at the ISDN 
about the basic rate of 192 
incredible new kbps. And fully 
products you implements 
can design Open Systems 
when ISDN Interconnection 
becomes a (OSI) Layer 1. 
reality And now, There's our 
you Can stop _ , Gem» programmable 
waiting and 29C48 Voice 


finally get started. Because . Corestion Chip. And our 
our 29C53 ISDN Kit delivers 80188 CPU, which performs 


what most people have protocol processing. 

only been writing about. A But thats just the beginning, 

complete ISDN solution. What really puts you ahead is 
There's our 29C53 “S” our ISP188 software, which 


Transceiver, which transmits | completes OSI layers 2 and 3. 
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Co-developed with DGM&s, 
SP188 is made up of literally 
housands of lines of code. 
And it’s ready to run today, As 
1 result, you save Mah-years 
n development time and 

yet to market quicker. 

When you use this com- 
dlete package, it will take 
care of the most common 
design issues associated with 


[SDN protocols and standards. 


So you can focus your 
resources on making your 
product the best of its kind. 
No matter what youre 
designing, from alow end 
terminal adaptor, to PCs, 
to PBXs. Or even the first 
products of an entirely 
new kind. 

What about industry 
standards? We're working 
on compatibility issues 
with the world’s largest tele- 
communications equipment 
suppliers. In fact, we've 
recently concluded an agree- 
ment with AT&T that ensures 
interoperability between 
our devices and theirs. 


EDN September 17, 1987 


As aresult, you can 
begin to design with this kit 
right away. And be certain 
of compatibility with 
ISDN systems today and 
tomorrow. 

And now that standards 
are set, the opportunities 
are wide open. To help you 
make the most of them, 
we also offer a full range of 
development tools, such 
as our Terminal Evaluation 


— Kit, and our Line Card 


Evaluation Kit. 

So if you've been waiting 
for ISDN, the wait is over. We 
have samples and software 
available now. Call 600) 
548-4725 and ask for 
Literature Department 
W-369 for more information. 
And we'll show you the 
one word about ISDN thats 
worth a million. 

Complete. 


intel 


©1987 Intel Corporation. 
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components designed 
manufactured, fabricated 
and tested under one roof. 
Here now, at Hughes. 


One-roof capability means you can expect higher 
reliability, lower cost and faster response for your 
aerospace/mil applications. 

We provide system support in the integration 
of connectors and boards, cables or other subassem- 
blies, including black boxes. And we're doing it now, 
not waiting for the future. 

Our engineers simplify tough problems. But just 
because we're problem-solvers doesn’t mean we 
ignore ordinary connectors or flex circuitry. 


Flexible or rigid flex circuitry? We practically 
invented it. We'll manufacture to your specs or design 
it to your requirements. We'll even assemble Brand X 
connectors and our flex. 

So whether your interconnection requirements 
are simple or sophisticated, give us a call. We can 
make the future work for you today. 


For more information, call Mike Howett, 
714-660-5702. In England 
call Hugh Mcinally, 


HUGHES 


We manufacture everything from PCs to fiber 0932 47262. sdceuacs Bonar: 
optics to umbilicals. Rectangular, circular, off-the-shelf CONNECTING DEVICES DIVISION 
or specials. industrial Electronics Group 
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EDN’s 32-bit-CPU 
Board Directory 


32-bit single-board 
computers come close 


to mainframes’ capability 


Thirty-two-bit microprocessors are bringing 
mainframe-like power to single-board com- 
puters. In EDN?’s first directory of 32-bit- 
CPU boards, you'll find numerous boards 
based on a couple of different Ps. The 
directory tables begin on pg 152. 


John Gallant, Associate Editor 


The incorporation of 32-bit microprocessors into board- 
level products is giving system integrators reason to 
pause when considering design tradeoffs. Many of the 
features previously available only with large computer 
systems are now available on single-board computers. 
Some boards, for instance, utilize fast real-time multi- 
tasking kernels for use in multiprocessing environ- 
ments, and various versions of Unix—or Unix-type 
operating systems—support multiuser environments. 
Most 32-bit-CPU boards are resplendent with coproc- 
essors, memory-management units, onboard RAM, and 


sockets for ROM or EPROM. Also, combinations of 


interrupt mailboxes and dual-ported memories allow 
for message passing in multiprocessing or parallel- 
processing systems. Many boards contain disk-drive 
interfaces and I/O ports (serial and parallel), making 
them, in effect, stand-alone minicomputers. Some even 
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operate at the maximum speed capabilities of the resi- 
dent microprocessors. 

This directory is the result of a survey of 32-bit-CPU 
board manufacturers. According to respondents, the 
VME Bus is the most popular choice for 32-bit-CPU 
board designs, and the Motorola 68020 is the preferred 
32-bit microprocessor. Thanks to the VME Bus’s full 
39-bit architecture (data and address lines), along with 
its other sophisticated features, designers can achieve 
high-performance platforms. 

As you study the directory tables (which begin on pg 
152), be careful when comparing cost. Board prices 
vary considerably according to clock speed and the 
amount of onboard memory. You'll incur lower costs for 
each added option. A good example is Heurikon’s 
HK68/V2F, a double-height Eurocard board for real- 
time applications. The board sells for $1695 in its 
stripped-down version: a 68020 running at 12.5 MHz, 
128k bytes of EPROM, and 256k bytes of onboard 
dual-acecess dynamic RAM. It has full master/slave 
interfaces to the VME Bus; incorporates an RS-232C 
port driven from a 68901 multifunction peripheral chip; 
includes mailbox interrupts; and supports VRTX32, 
PSOS, and OS-9. For an additional $3550 (a total of 
$5245), you can get the board with a 25-MHz 68020 
CPU, 4M bytes of dynamic RAM, a 68881 FPU (float- 
ing-point processor), and a real-time clock. 

Boards that support Unix operating systems tend to 
be more expensive. The HK68/20, similar to the 
stripped-down HK68/V2F except that it also supports 
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A dual-ported memory with mailbox inter- 
rupts enables fast data and message ex- 
change between boards on the bus. 


The HK68/V2F board, manufactured by Heurikon, has a 12.5-MHz 
68020 and 256k bytes of onboard dynamic RAM. It sells for $1695. 
er 


Unix System V.2 with Berkeley enhancements, sells for 
$2795. (The HK68/20 has a place for a 68851 PMMU, 
which will cost you an additional $695.) 

Another representative example is the Ironics IV- 
3204 VME Bus multiprocessing engine, which is config- 
ured in a double Eurocard format. It contains a 68020 
»P running at 16.7 or 20 MHz with an optional 68851 
PMMU or 68881 FPU. The price is $4210 (16-MHz 
version) or $4995 (20-MHz version). It has 4M bytes of 
onboard RAM, allowing execution of an entire Unix V.2 
kernel and user programs without bus accesses. A 
dual-ported memory with mailbox interrupts permits 
fast data and message exchange between boards on the 
bus. 

The IV-3204 also contains a socket that can hold as 
much as 64k bytes of EPROM or ROM for resident 
software. It operates with full master/slave interfaces 
and supports VME Bus interrupts via a 68155 inter- 
rupt handler. In addition, it can function as the primary 
master to a VMX Bus interface. 


If you want a SCSI interface 


Another board for the VME Bus, Basu/Dage Preci- 
sion Industries’ CPU 20, includes provision for a SCSI 
interface. It comes with a 68020 operating at either 12.5 
or 16.7 MHz, and it has a 1M-byte dynamic RAM and a 
1k-byte dual-ported RAM mailbox. A 32-pin socket can 
house 1M bytes of EPROM. Along with the SCSI 
interface, a parallel port for handling 23 I/O lines and 2 
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RS-232C ports are also included. A 4-level, priority- 
controlled bus arbiter supports multiprocessor func- 
tions; you also have a round-robin option and an on- 
board requester with release-when-done or 
release-on-request options. The board runs on Unix 
V.2, P-DOS, and OS-9, and it is configured in the 
Kurocard double-height format. The 12.5-MHz version 
sells for $3290; the 16-MHz version costs $4175. 

In this directory you'll also find 32-bit boards avail- 
able for VME Bus embedded-controller applications. 
Motorola’s MVME133A-20 combines a 20-MHz 68020 
CPU with a 68881 FPU. The board supports the 
VersaDOS real-time operating system, which incorpo- 
rates drivers for Motorola’s VME-module peripheral- 
controller boards. It contains 1M bytes of onboard 
dynamic RAM. A multiport arbiter allows the CPU, the 
refresh circuitry, and the VME Bus to access the RAM. 
The board acts as a VME Bus master only and uses 
address modifiers to indicate privilege when the dy- 
namic RAM is being accessed and when the board isn’t 
the current VME bus master. A Z8530 serial communi- 
cations controller implements two multiprotocol serial 
ports, and a front-panel debug port provides general- 
purpose I/O. A real-time clock (58274) provides time- 
keeping functions (tenths of seconds to tens of years). 
The board is configured in a Eurocard double-height 
format and sells for $3585. 


Increasing access time isn’t too difficult 


Some applications demand more memory than the 
board has space for. For these cases, some boards 
include local extension interfaces right on the card to 
increase memory-access times. These interfaces can be 
piggyback-type connections to daughter boards con- 
taining high-speed static RAM or special connections to 
neighboring static-RAM boards. 

The Force SYS68K/CPU-21B, which uses a 68020 to 
achieve 25-MHz zero-wait-state operation, has a 32-bit- 
wide 96-pin DIN connector located on the middle of the 
board. Called the Force Local Memory Extension 
(FLME), it can connect the CPU to a full megabyte of 
static RAM (two companion boards, each containing 64 
64k-byte static RAMs). The SYS68K/CPU-21B is con- 
figured as a double-height Eurocard. 

The GMSV07 from General Micro Systems also oper- 
ates with a 68020 at clock speeds to 25 MHz, but it has 
012k bytes of zero-wait-state static RAM on board with 
an extra 1M bytes possible via a plug-in daughter 
board. This mezzanine board enables fast memory 
accesses without necessitating the use of another VME 
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slot. Other optional mezzanine boards provide parallel 
ports, a GPIB interface, a SCSI port, a real-time clock, 
and onboard DMA. Like the Force board, the GMSV07 
also comes in a double-height Eurocard format. 


Famous formats are available with VME Bus 


As stated, boards based on 32-bit CPUs have sophis- 
ticated capabilities heretofore impossible to find on 
single-board computers. AT&T has optimized its ver- 
sion of Unix for the VME Bus, and to take advantage of 
this operating system, you have a choice of AT&T’s WE 
321SB single-board computer or Mizar’s VME7125. 
Both boards are double-height Eurocards and are avail- 
able with CPUs running at either 14 or 18 MHz. 

The ecards utilize AT&T’s WE 32100 wP and Unix 
System V/VME Rel 3. This version of Unix includes 
specially restructured source code to ensure a tight fit 
with the VME Bus environment by simplifying the 
task of writing device drivers. Each board provides 1M 
bytes of onboard dynamic RAM and two RS-232C 
ports. For an 18-MHz version, the 321SB costs $4895, 
and the VME7125 costs $3995. You can opt for a WE 
32106 coprocessor, a WE 32101 MMU, and 256k bytes 
of onboard EPROM. 

For those users who want DEC software compatibili- 
ty, the DEC PDP-11 instruction set is available for the 
VME Bus. The VME-1120D board, available from 
Logical Design Group, and the VMEx J11 board, from 
Iskra VME Technologies, are designed around the 
32-bit DEC J11 CPU operating at 15 MHz. Both boards 
run on the DEC RSX-11 operating system and are 
software compatible with PDP-11 computers ranging 
from the 11/03 to the 11/70. 


Other bus structures are prominent, too 


The power of 32-bit single-board computers isn’t 
restricted to the VME Bus—it has carried over to other 
bus-structure environments as well. Microbar Systems 
offers 32-bit boards for Multibus I as well as Multibus 
II. These boards are optimized for multitasking applica- 
tions using real-time or multiuser operating systems. 

The Multibus I GPC68020 is based on the 68020 wP 
and has optional DMA, MMU, and FPU capabilities. It 
is configurable with 8M bytes of dual-ported dynamic 
RAM and 256k bytes of EPROM. Mailbox interrupts 
allow for interprocessor communications. An SBX con- 
nector provides standard I/O expansion capability for 
either 8- or 16-bit data transfers. An optional Hitachi 
DMA controller (68450) provides high-speed DMA- 
transfer capability to and from an SBX module, a 
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parallel port, and two serial ports as well as from 
memory to memory. The board supports Unix V.2 for 
virtual-memory multiuser operation, VRTX 32, or 
PSOS. The MT68020A provides the same features for 
the Multibus II environment but includes an optional 
SCSI interface. The GPC68020 sells for $1712, and the 
MT68020A sells for $2373. 

Thirty-two-bit microprocessors are also migrating to 
the low-end board market—G64 and G96 Bus cards, for 
instance. These buses are characterized by a compact 
single-height form factor and a pin-in-socket connector; 
boards for these buses function well in cost-sensitive 


The IV-3204 multiprocessing engine from Ironics takes advantage 
of the VME Bus’s multimaster capabilities and contains a 68020 ~P 
(16.7 or 20 MHz) and an optional 68851 PMMU or 68881 F PU. 


The GPC68020, a 32-bit-CPU board sold by Microbar Systems, 
supports the Unix virtual-memory multiuser operating system for 
the Multibus I environment. 
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The MVME133A-20 board combines a 20-MHz 68020 CPU with a 
68881 FPU. The Motorola offering incorporates drivers for embed- 
ded-controller applications. 


and harsh industrial environments. Although the G64 
Bus is a nonmultiplexed 16-bit bus, you can achieve 
considerable processing speed by incorporating a 32-bit 
»P and a large amount of 32-bit-word memory on one 
card. 

The GESMPU-20 from Gespac is such a board. It has 
a 12.5-MHz 68020 (16.7 MHz optional), 256k bytes of 
zero-wait-state RAM (512k bytes optional), and 512k 


Board costs vary according to clock speed 
and onboard memory—and of course op- 
tions. 


bytes of EPROM. A 68881 coprocessor is also available. 
The board runs OS-9, a real-time, multitasking operat- 
ing system, and costs $995. 

The Monoputer from Microway is an example of a 
32-bit-CPU board for two other low-end buses, the IBM 
PC/XT and the IBM PC/AT. It uses an Inmos T414 
Transputer running at 20 MHz and has 2M bytes of 
high-speed RAM to provide parallel-processing capabil- 
ity. The board can access MS-DOS files and comes with 
an Occam compiler, a programming language that 
exploits the special properties of the Transputer. With 
a Transputer interface system, you can hook four or 
more Monoputers together inside one PC, and you can 
use a Monoputer either as a fast coprocessor or as a 
development tool to develop software for the Trans- 
puter. The board costs $1995. 

Not all 32-bit-CPU board manufacturers have de- 
signed their products to interface with a bus. National 
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Manufacturers of 32-bit-CPU boards 


For more information on the 32-bit-CPU boards included in this directory, contact the following manufacturers 
directly or circle the appropriate numbers on the Information Retrieval Service card. 


Aleyon Corp 

5010 Shoreham P! 
San Diego, CA 92122 
(619) 587-1155 
Circle No 704 


AT&T 

Dept LT 

555 Union Blvd 
Allentown, PA 18103 
(800) 372-2447 
Circle No 705 


Basu/Dage Precision Industries 
Box 120A 

Santa Clara, CA 95052 

(408) 727-1932 

Circle No 706 


Charles River Data Systems 
983 Concord St 
Framingham, MA 01701 
(617) 626-1000 

Circle No 707 


Cyclone Microsystems 
25 Science Park 

New Haven, CT 06511 
(203) 786-5536 

Circle No 708 


Dual Systems Corp 
2530 San Pablo Ave 
Berkeley, CA 94702 
(415) 549-3854 
Circle No 709 
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DY-4 Systems Inc 
1475 S Bascom Ave 
Campbell, CA 95008 
(408) 377-9822 
Circle No 710 


EMS Inc 

1325 Capital Parkway 
Carrollton, TX 75006 
(214) 446-2900 

Circle No 711 


Force Computers Inc 
727 University Ave 
Los Gatos, CA 95030 
(408) 354-3410 

Circle No 712 


In Europe: 

Force Computers GmbH 
Daimlerstrasse 9 

D-8012 Ottobrunn, West Germany 
(089) 600910 

Circle No 713 


General Micro Systems Inc 
4740 Brooks St 

Montclair, CA 91763 

(714) 625-5475 

Circle No 714 


Gespac Inc 

50A W Hoover Ave 
Mesa, AZ 85202 
(602) 962-5559 
Circle No 715 


GMX 1337 

1337 W 37th Pl 
Chicago, IL 60609 
(312) 927-5510 
Circle No 716 


Hallock Systems Co Inc 
271 N Main St 
Herkimer, NY 13350 
(315) 866-7125 

Circle No 717 


Heurikon Corp 
3201 Latham Dr 
Madison, WI 53713 
(608) 271-8700 
Circle No 718 


Integrated Solutions 
1140 Ringwood Ct 
San Jose, CA 95131 
(408) 943-1902 

Circle No 719 


Intel Corp 

3065 Bowers Ave 
Santa Clara, CA 95051 
(408) 987-8080 

Circle No 720 


Ironics Inc 

798 Cascadilla St 
Ithaca, NY 14850 
(607) 277-4060 
Circle No 721 
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The CPU 20 board offers a SCSI interface and an abundance of I/O 
capability for a multiprocessor environment. It is available from 
Basu/Dage Precision Industries. 


Semiconductor’s approach, for example, is a departure 
from the traditional method of interconnecting boards 
through a backplane. Instead of the usual convention of 
bringing signal and power lines out to an edge connec- 
tor and into a backplane bus, the company has designed 
its boards to stack vertically and directly connect 
through pin-in-socket 96-pin connectors. Similarly, 
stackable banana plugs implement the power connec- 
tions. This direct-connect technique eliminates expen- 


sive backplanes and card cages. 

The National Semiconductor ICM-332-2-15 CPU 
board is a 32-bit processing engine that fits this format. 
It uses an NS32332 CPU running at 15 MHz and 
features an NS32C201 timing-control unit, an NS32382 
MMU, an NS32081 FPU, and an N S32202 interrupt- 
eontrol unit. A 4M-byte onboard dynamic RAM and a 
64k-byte ROM are standard. The size of the board is 
9.18X11.02 in., and the price is $3645. Thanks to its 
four RS-232C ports, an 8-bit parallel port, a SCSI 
interface, and two special expansion buses (Flexibus for 
I/O and Mem32Bus for memory), the board is a power- 
ful platform for the Unix environment. EDN 
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Article Interest Quotient (Circle One) 
High 473 Medium 474 Low 475 


ss 


Motorola Inc 
Microcomputer Div 


Iskra 
222 Sherwood Ave 


Farmingdale, NY 11735 2900 S Diablo Way 
(516) 753-0400 Tempe, AZ 85036 
Circle No 722 (800) 556-1234 


Circle No 728 
Logical Design Group Inc 


Plessey Microsystems 
1 Blue Hill Plaza 
Pearl River, NY 10965 
(914) 735-4661 

Circle No 733 


SBE Ine 


541 Pylon Dr National Semiconductor Dr 2400 Bisso Lane 
Raleigh, NC 27606 Box 58090 Concord, CA 94520 
(919) 834-8827 Santa Clara, CA 95052 (415) 680-7722 
Circle No 723 (408) 721-5000 Circle No 734 
Circle No 729 
Microbar Systems Inc Synergy Microsystems Inc 
785 Lucerne Dr Omnibyte Corp 179 Calle Magdalena 
Sunnyvale, CA 94086 245 W Roosevelt Rd Encinitas, CA 92024 
(408) 720-9300 West Chicago, IL 60185 (619) 753-2191 
Circle No 724 (312) 231-6880 Circle No 735 
Circle No 730 


Microproject Corp 
4676 Admiralty Way, Suite 610 


Marina del Rey, CA 90292 6730 Mesa Ridge Rd — 
(213) 306-8000 San Diego, CA 92121 
Circle No 725 (619) 453-8649 


Circle No 731 
Microway Inc 


Pacific Microcomputers Inc 


VME Specialists 

558 Brewster Ave, Suite 1 
Redwood City, CA 94063 
(415) 364-3328 

Circle No 736 


Box 79 PEP Modular Computers Inc 
Kingston, MA 02364 600 N Bell Ave 
(617) 746-7341 Pittsburgh, PA 15106 
Circle No 726 (412) 279-6661 
Circle No 732 
Mizar Inc 
20 Yorkton Ct 
St Paul, MN 55117 
(612) 224-8941 
Circle No 727 
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REPRESENTATIVE 32-BIT-CPU BOARDS 
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REPRESENTATIVE 32-BIT-CPU BOARDS (continued) _ 

AVAILABLE 

EPROM 

(BYTES) __PORTS __| INTERFACES | CHANNELS 
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1986 Westinghouse, GE and Mitsubishi formed POWEREX fo provide what no one else had provided before. 
Single source compatibility versus multi-vendor uncertainty. 


Engineer-to-engineer phone conversations versus lists of specifications. Alternative solutions versus single answers. 


Objective advice versus colored opinions. Leading edge technology versus last generation obsolescence. 
POWEREX versus the competition. Our advantages are obvious. 


Nobody offers you more advanced Darlington Modules to solve your design problems. 


plication Specific Modules (ASM™) are available now from POWEREX: Single device, Phase-Leg, 
H-Bridge, Three Phase, Chopper, Common Emitter. 


Ratings from 5A to 600A with Vervisus from 200 to 1400V. 


Recent additions include 8A/300V Six-Darlington Modules with integral Baker clamp for 20kHz operation, 
600A/4200V Single Darlington Modules and 300A/ 4200V Dual Darlington Modules. 


Only POWEREX offers as broad a line of power semiconductors, including isolated power modules, 
triacs, power transistors, Mosfet (FETMOD™) modules, Mos-Bipolar (MOSBIP™) modules, rectifiers, thyristors, 
power hybrids, GTOs, RCTs, asymmetric SCRs and stack assemblies. 


For product literature, call POWEREX at 4-800-451-1445, Extension 4100. In New York call (345) 457-9334. 
For application assistance, call (412) 925-7272 or write POWEREX, Inc., Hillis Street, Youngwood, PA 15697. 


/ | 


Joint Venture Corporation of Westinghouse, GE, and Mitsubishi. 
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Solutions to Your Design and Management Problems from 
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80386—A PROGRAMMING AND DESIGN HANDBOOK. 
P. Brumm and D. Brumm. Preview everything Intel’s 386 has to offer 
including: memory paging, debugging applications, the Virtual 8086 
Mode, and 32-bit instruction enhancements. Features actual software ap- 
plications for entering into the protected mode. ‘The Brumms have 
produced a thorough reference for the 80386. Programmers and hara- 
ware designers alike should find it a valuable addition to their techni- 
cal libraries.”’ —Leo J. Scanlon, bestselling author 
$29.95 Circle 132 for free 15 day exam 


MICROPROCESSORS IN INDUSTRIAL MEASUREMENT 
AND CONTROL. M.D. Weiss. Stay on top of the newest microtech- 
nologies and trends that are: affecting the automation of industrial 
processes. Enables you to determine where and how microprocessors 
Can improve quality measurement and control. 

$44.95 Circle 133 for free 15 day exam 


HANDBOOK OF ELECTRICAL NOISE MEASUREMENT AND 
TECHNOLOGY—2ND EDITION. C.A. Vergers. Fully supported by 
equations, examples, drawings, and diagrams, this updated sourcebook 
provides an exhaustive examination of electrical noise. Includes methods 
for reducing noise levels. 

$39.95 Circle 134 for free 15 day exam 


TELECOMMUNICATIONS MANAGEMENT PLANNING: ISDN 
NETWORKS, PRODUCTS AND SERVICES. R.k. Heldman. 
Illustrated and filled with realistic case studies, this hands-on guide gives 
you the jump on the telecommunications market. Includes Strategies and 
design ideas that you can incorporate into your plans. ‘‘The industry has 
long awaited a book that articulates this well, the proper place of stra- 
tegic and technical planning in providing marketing based focus for our 
industry.” —J.J. Hanley, AT&T Network Systems 
$49.95 Circle 135 for free 15 day exam 


. THE LINEAR IC HANDBOOK. w. s. Morley. Gain instant access 
to specifications, prices, and other vital data on the full range of linear 
integrated circuits from all the major manufacturers. Enables you to evalu- 
ate alternative circuit design approaches and techniques for design. 
$49.50 Circle 136 for free 15 day exam 


SWITCH-MODE POWER SUPPLY DESIGN. P.A.k. Chetty. 
Effectively utilize power electronics with this state-of-the-art sourcebook. 
Highlighted with actual application examples, it covers practical hard- 
ware design, techniques for improving reliability, and the use of pulse 
width modulator ICs. 

$22.95 Circle 137 for free 15 day exam 


plus postage and handling. Otherwise return the book(s) 


TO ORDER FOR 15-DAY, FREE EXAM: Simply circle the appropriate number(s) on the Reader Service Card at the back of this 
magazine. Your book(s) will be sent to you for your 15-day exam. If you are satisfied, keep the book(s) and pay the purchase price 
by the end of the 15-day period and owe nothing. 
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SIGNAL PROCESSING DESIGN TECHNIQUES. B. Rorabaugh. 
Exploring both signal processing theory and practical design methods, 
this invaluable reference is a must for engineers, technicians, and circuit 
designers. Includes more than 200 diagrams, schematics, and tables. 
$32.50 Circle 138 for free 15 day exam 


FIBEROPTICS—A REVOLUTION IN COMMUNICATIONS— 
2ND EDITION. v. A. Kuecken. Stay on top of the latest advancements 
in fiberoptics theory as well as the major strides in developing useful ap- 
plications. Covers speech digitizing, new fiberoptic connectors, LANs, 
and more. 

$28.95 Circle 139 for free 15 day exam 


WIRING AND CABLE DESIGNER’S HANDBOOK. B.S. Matisoft 
Comprehensive and complete, this reference includes all the data you 
need to design and manufacture reliable cable and wiring assemblies. 
Includes charts and tables of design and manufacturing parameters for 
specific conductor requirements. 

$32.50 Circte 140 for free 15 day exam 


THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS. R.F. Graf 
Designed for quick-reference and on-the-job use, this well-illustrated 
source puts over 1,700 of the most useful and versatile state-of-the-art 
circuit designs in the industry at your fingertips. Arranged in nearly 100 
Circuit categories from A to Z. ‘‘The drawings are all clear and distinct, 
and include part numbers and notes for users. . . Highly recommended. ”’ 

—Choice 
$60.00 Circle 141 for free 15 day exam 


INTERNATIONAL AUTOMATION DIRECTORIES. Compiled by 
P.C. Flora. Covering the latest in automation equipment and services 
and computer software, these invaluable directories include: product 
specifications, warranty and price information, manufacturer names, 
addresses, and phone numbers, plus names of contacts. 
INTERNATIONAL COMPUTER VISION DIRECTORY 

$35.00 Circle 142 for free 15 day exam 


INTERNATIONAL ENGINEERING/SCIENTIFIC 

SOFTWARE DIRECTORY 

$35.00 Circle 143 for free 15 day exam 

INTERNATIONAL INDUSTRIAL SENSOR DIRECTORY 

—2ND EDITION 

$45.00 Circle 144 for free 15 day exam 

INTERNATIONAL PROGRAMMABLE CONTROLLERS DIRECTORY 
$35.00 Circle 145 for free 15 day exam 

INTERNATIONAL ROBOTICS INDUSTRY DIRECTORY 

$45.00 Circle 146 for free 15 day exam 
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SONY SETS NEW RECORDS 
IN SRAM PERFORMANCE. 


To help your designs push the limits of high- 
speed performance, design in Sony’s high- 
speed SRAMs. 

Because our SRAMs, featuring full-CMOS “ , 
technology, offer perhaps the fastest access times 
of any SRAMs available. 

Speeds of up to 25 ns in 64K configurations. 25 ns 
in 72K configurations. And 45 ns in 256K configurations. 

Plus with our state-of-the-art one-micron CMOS tech- 
nology, all Sony SRAMs incorporate 6-transistor storage 
cells. So you'll benefit from very low data retention cur- 
rent, too. Lower than 500 nanoamps at room temperature. 

Our 64K and 72K SRAMs are available in 300-mil DIP 
packages. And our 256K SRAMs in either 
Sem =000-mil DIP or 32-pin LCC packages. 

¢ And we're not just talking engi- 
y neering samples here. Because right 

now, our SRAMs are in full production. 
Ready for immediate delivery. 

Plus of course, like with any Sony product, 
youre also assured the utmost in quality, reliability and 
performance. 

So put Sony's high-speed, full-CMOS SRAMs to work 
in your designs. Then who knows? Your systems 
may set some performance records, too. 

To get all the details, call (714) 
229-4192 today. Or write Sony Corpora- 
tion of America, Component Products 
Group, 10833 Valley View St., Cypress, 
CA 90630. FAX (714) 229-4271. 


SONY SRAM DEVICES 


PART NUMBER — 
PACKAGE DENSITY ORGANIZATION —_ SPEED (ns) 


CXK5863P—25/30/35 | aay 
300 mil DIP 
CXKS97IP—25/30/35 | 794 
300 mil DIP 
CXK58255P— 45/55 
600 mil DIP el 82K x8 
CXK58255K—45/55 
32 pin LCC 206K 
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The world’s fastest, most functional SCSI-compatible 
VMEbus interface board is now an even better buy! 
Plessey Microsystems’ PME SCSI-1, fully field-proven for 
well over a year by a host of happy OEMs and end-users, 
now offers you more. In fact, it’s the only VME SCSI 
available with a perfect track record and all these features: 


Sustained asynchronous transfers up to 1.5 Mbytes 
over the SCSI bus 

Full compatibility with ANSI X3T9.2 SCSI spec 
Scatter/gather mode 

Multiprocessor support 

Up to 16 concurrent tasks 

High level interface to host software via dual-ported 
RAM 

SCSI initiator for full protocol handling 


UK Water Lane, Towcester, Northants, NN12 7JN (0327) 50312 
USA One Blue Hill Plaza, Pearl River, NY 10965 (914) 735-4661 
France 7-9 Rue Denis Papin, 78190 Trappes (1) 30. 51.49.52 
Germany BahnhofstraBe 38, 6090 Riisselsheim (061 42) 6 80 04 
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Simultaneous VME/SCSI transfers 

DMA transfers up to 32 bits wide over the VMEbus 
SCSI disconnect/reselect support 

Poll on completion, or software-selectable interrupt 


FIFO buffer designed for longword transfers across 
VME 


Why settle for anything less than 
the acknowledged leader in SCSI/VME? The Plessey 
PME SCSI-1 has the performance, pricing and proven 
reliability that your system demands. Call or write for 
details on our SCSI and other products in our complete 
range of VME processor, memory and I/ O boards, 


development systems and software. Plessey Micro- 
systems. Ultimate VME strength. 
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PLESSEY 


, MICROSYSTEMS 


PLESSEY and the Plessey symbol are registered 
trademarks of The Plessey Company ple. 
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ARTIST 10/16 VGA, the first 
1024 x 768 non-interlaced 
display controller for the IBM 
PS/2 


The ARTIST 10/16 VGA is the 
first graphic controller that 
enhances the standard VGA 
graphic capabilities of the IBM 
PS/2 models 60 and 80. It 
displays instantaneous CAD 
drawings at 65,000 vectors per get ti 
second. ot gi 


Our ARTIST 10/16 VGA is the 
high performer for use with 
AutoCAD. ARTIST is the most 
popular board for CAD 
applications. It is supported by 
more than 90 software products. 


Z 

100% Compatible with VGA GEE? 
Software eA a 
You get full screen VGA in 
single or dual monitor 
configurations. ARTIST 10/16 
VGA is a fully authorized IBM 
third party product with an 
official IBM board ID number. 

VN 
For the dealer nearest you » Y 


call (800) 826-4281. (7, 
In Minnesota, call (612) 631-7800. Control Systems 


2675 Patton Road, P.O. Box 64750, St. Paul, MN 55164 
Telex 756 601 
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GT Now Available for ARTIST 
10/16 VGA 


For AutoCAD applications, our 
ARTIST boards feature high 
level editing options and instan- 
taneous Zoom and redraw. The 
ARTIST boards team with dis- 
play list processing to give you: 


New multiple view windows 
speed the design process. Each 
window can be zoomed 
independently anywhere on the 
drawing. All views can be edited 
simultaneously. 


» 30 levels of zoom give you 


unlimited drawing space. Image 
resolution is enlarged to 16,000 x 
12,000 pixels. 


Reduces your AutoCAD zoom 
and redraw time by more than 
90%. 


» A Bird’s-Eye-View window shows 


your exact location within a 
drawing. 


ARTIST Distributors: CADsource, CAD Distributors, 
Corporate Computer Systems, Edwards C.P.E., ICT 
Technologies. Microsouth, MicroSystems Distribution 
ParityPlus, and Price Electronics. Also carried by 
ComputerLand and Entre Computer Centers that 
specialize in CAD. 


ARTIST 10/16 VGA and ARTIST GT are trademarks of 

Control Systems, Inc. IBM is a registered trademark of and 

PS/2 is a trademark of International Business Machines 

Corp. AutoCAD is a registered trademark of Autodesk, inc. 
1987 Control Systems, Inc 


- Partitioning adapts 
large state machines 


to P 


Registered PLDs are ideal for tmplement- 
ing state-machine designs, but a large state 
machine can require more product terms 
ver register than even the biggest EPLDs 
offer. However, a simple partitioning tech- 
nique may let you split your state machine 
into two or more smaller state machines, 
which may then fit into a single PLD. 


Clive McCarthy, Altera Corp 


Even though you can now obtain a PLD with as many as 
480 product terms in the Altera EP1800 device, a large 
state machine can easily exhaust any PLD’s finite 
number of product terms per register when you are 
realizing the logic equations for your state machine’s 
next-state decoder. A systematic method for breaking 
large, complex state machines into two or more smaller 
and simpler—but cross-linked—state machines can 
then often prove useful for implementing your design in 
a PLD. 

If you partition your state machine, you can reduce 
the demand for next-state product terms, but you must 
increase the state variables at the same time. The 
resulting design usually requires a larger number of 
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state registers but makes fewer demands on the PLD’s 
AND-OR matrix, which feeds the registers. Though 
your partitioned design could conceivably require more 
state registers than are available in a given PLD, 
splitting a state machine usually results in smaller 
equations for each register. 


Technique not universally applicable 

Be aware, however, that this technique is not univer- 
sally applicable. The method does not always reduce 
the size of the next-state equations—especially for a 
smaller or a strongly connected machine (a counter is an 
extreme example of a strongly connected state ma- 
chine). The results depend a great deal on how you split 
the state machine up, on how complex the equations 
are, and on how you make your state assignments. 

Often you have to try many different splits and state 
assignments before you find a sufficiently good imple- 
mentation. Doing a number of implementations manual- 
ly is a tedious, error-prone task. Fortunately some PLD 
compilers, such as Altera’s A+Plus, allow you to enter 
your design specification directly in state-machine for- 
mat rather than in truth tables or Boolean equations. 

This flexibility makes design iterations considerably 
easier because you can simply edit your design-specifi- 
cation file and then use the compiler. The compiler 
quickly does the dog work of deriving and minimizing 
your design’s Boolean equations and of calculating how 
many product terms that particular design iteration 
requires. 
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About a third of all small-scale registered 
PLDs get used as state machines. 


But whether you use PLD design software or do the 
job manually, the principles of partitioning state ma- 
chines are the same. Before delving into a complex, 
actual design example, consider the hypothetical exam- 
ple in Fig la. It shows a part of a state-transition 
diagram (formally called a directed graph and informal- 
ly a bubble chart) describing a complex state machine. 
In accordance with standard practice for bubble charts, 
the states are annotated as S,, S... . Ss. Each state is a 
logical product, a unique combination of the states of 
the individual state variables, V,; to Vy. The PLD’s 
registers store the present state of the state machine. 

For example, 8; could represent the combination 
Vi*/V2*/V3*/V4, where “*” is the logical product (the 
AND function) and “/” is logical inversion (the NOT 
function). 

Directional arrows marked with the symbolic labels 
E, to E; connect the states. These arrows show allowa- 
ble transitions to and from the states. The arrows’ 
labels represent events that cause the state machine to 
progress from one state to the next. Each label repre- 
sents a logic equation. (These equations should normal- 
ly be functions of inputs to the state machine.) Fig 1 


TO OTHER OTHER 
STATES STATES 
TO 
OTHER 
FROM STATES 
OTHER 


STATES 


- (E,*S, + Ey*S, + Es*Ss + E,*S,) 


STATE MACHINE A STATE MACHINE B 


(b) 


Fig 1—The hypothetical state machine in (a) gets partitioned into 
two linked state machines in (b) using the rules in the box, “Rules for 
partitioning state machines.” 
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thus shows how the state machine can respond tc 
external events in a predictable sequence. 

Note that the diagram does not completely follow 
standard practice in that it does not show what re. 
sponse the state machine makes to the inputs that cause 


(a) 


(b) 


(c) 


(d) * 


Fig 2—The partial state diagrams (a) through (d) show a 
transistion-by-transition decomposition of the state machine in Fig 1 
according to the rules in the box. 


CQ ) /(E2" Ss) 
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, to make transitions. Although the state machine’s 
equired outputs can affect how you assign your state 
ariables, outputs are not germane to the problem of 
artitioning and therefore don’t appear in the diagram. 


plit the machine 

Conceptually, the splitting process is fairly simple. 
‘irst, draw a line that crosses all transitions going 
tween the two halves of the state machine you want 
0 separate. For each half of the state machine, reposi- 
ion the transitions into the other half with transitions 
o a new state, called an idle state. 

The idea is that while things are happening in one 
alf of the state machine, the other half sits in its idle 
tate. When the sequence of events occurs that should 
ave caused one of the connecting transitions of the 
riginal state machine to be transversed, then the 
urrently active half of the state machine goes into its 
dle state while the currently idle half leaves its idle 
tate and goes to whatever state is appropriate for that 
vent. 

Fig 1b shows Fig 1a’s state machine divided in two. 


Fig 3—This real-world example is a state machine that converts a 
Manchester-encoded data stream into a data stream suitable for a 
conventional UART. The design as it stands doesn’t fit in even the 
largest available PLD—an EPLD. 
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The split puts states S,, S2, Ss (and all undepicted states 
to the left of these states) in a separate machine from 
the remainder of the diagram. Although the diagram 
doesn’t show all the states and transitions of the entire 
state machine, E, to E; are all transitions between 
these two halves of the diagram. 


Idle state fills in 

States S, and Sp are the idle states for each half. 
Several features of the divided state machine merit 
close examination. Note that all transitions that would 
have resulted in crossing from one half to the other now 
go to the idle states. Further, transitions leaving the 
idle states depend not only on inputs, but on both the 
original transition equation (Kj, Ee, and so on) and on 
the current state of the opposing half of the state 
machine. Lastly, the transitions represented by the 
arrows that loop back keep the state machines in their 
idle states and are simply the logical inverse of all 


Fig 4—Splitting Fig 3’s state diagram down the middle results in a 
design that fits an available EPLD. 
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A large state machine can easily exhaust 
any PLDs finite number of product terms 
per veguster. 


transitions that cause an exit from each idle state. 

Fig 2 shows a transistion-by-transition breakdown of 
the decomposition of Fig la’s state machine into the 
two state machines in Fig 1b (see box, “Rules for 
partitioning state machines”). 


Design example 


Fig 3 is a real-world example. The state machine 
converts a Manchester-encoded serial-data stream into 
a standard UART-compatible serial-data stream. The 
state machine also extracts data about the nature of the 
information being received. This particular design, 
after A+Plus minimization, resulted in five equations 
that each have from eight to 13 product terms (Ref 1). 
With these product-term requirements this design 
would not fit into any of the availablé EPLDs. Because 
it’s so symmetrical, this design is clearly a candidate for 
partitioning right down the middle. 

The state diagram in Fig 4 shows one way to parti- 
tion the design. The state previously marked SW has 
been split into idle states WL and WR for the left and 
right halves of the resulting state machines. This parti- 
tioning was possible because the state SW was a hold 
state in the original design (the conditions for holding 


now get ORed together). When both of the partitioned 
machine halves are in their idle states (WL and WR) at 
the same time, you have the equivalent condition of the 
original machine sitting in state SW. 

If you compare the partitioned machines with the 
original machine, you get: 


ORIGINAL PARTITIONED 


STATES 
STATE VARIABLES 
PRODUCT TERMS 


PEAK PRODUCT TERMS PER 
REGISTER 


Reference 


1. For full details of the design-entry file, contact Altera 
Corp, 3525 Monroe St, Santa Clara, CA 95051. Phone (408) 
984-2800 and ask for application note AB 18. 


Author’s biography 


Clive McCarthy is vice president of 
software engineering for Altera Corp 
im Santa Clara, CA. He was formerly 
director of applications for Altera. He 
1s now responsible for all CAE soft- 
ware for his company’s line of pro- 
grammable logic devices. Previously, 
he worked for Fairchild, Northern Tel- 
ecom, and Texas Instruments. He ob- 
tained a BSc (Honours) in electronics 
from Salford University in the UK. 
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Get ahead in the 
space race. With ZIP 


sockets. More innovation 
that works from Augat. 
The people you can count 
on to make the link 
between you and what's 
new in packaging 
technology. 


Show me how ZIP sockets help me pack 
more memory into less space. Send me my 
| free sample and insertion/extraction tool. 
My footprint size is L] 16 pins 
LJ 20 pins LJ 24 pins. 
My application is 
Name 
Title 
Company 
Street Address 
City 
Zip Tel. 
Mail to: Augat, Inc. 
Interconnection Components 
Division, 33 Perry Avenue, 
Attleboro, MA 02703, (617) 
222-2202. FAX: 617 222 0693 
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THERE ARE 
CHEAPER WAYS 
TO MOVE DATA 


THAN WITH 
IN TELS 588 


« > 305 
ta ited Fs . 
WON ODA 11 OD} al 


2 OTL YF ER 


Now you can cut the cost It's the most integrated 
ofa PC LAN dramatically with — networking solution in the 
ur new 82588 LAN controller. 12 Mbps range. 
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And it’s optimized to run 
with standard phone wiring. 

Which means that low- 
cost PC LANs can finally get 
off the ground. And that’s 
»xciting. Especially when 
you consider that 10 million 
>Cs Out there could use an 
nexpensive way to connect. 

That's a great reason to 


start designing NOW _ aa 


8 Deel ne 
oes iin 


with the 82588. It's 
the LAN controller 
that reduces cost by 
cutting your board space in 
half. Saving you the bucks 
and bother of installing 

extra chips. 

We put timing recovery, 
data encoding/decoding, 
collision detection and trans- 
mit clock generation all on 
a single chip.To lower your 
component count. 

Which adds up to even 
more savings in areas like 
assembly testing and reliability. 

And we made sure that 
the 82588 supports emerging 
LAN standards like StarLAN. 
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It also supports the IBM’ PC 
Network. Plus many other 
specialized baseband and 
broadband LANS. 

And because it snaps 
together with Intel’s world 
standard 186 and 188 micro- 
processors, you eliminate 
TTL glue and save even more 
money.While speeding 
up your design. 

To help your LAN 


design kit. Included are two 
825885 plus all the essential 
hardware, software and 
documentation needed to 
tie two PCs together. And all 
for just $05. 

For information on how 
to get your kit, call Intel 
toll-free at (800) 548-4725 
and ask for Lit. Dept. W-334. 

Then see how high your 
profits can soar. 


© 1986 Intel Corporation 
IBM is a registered trademark of International Business Machines Corporation. 
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No, we don’t make cars. But VLSI technologies. Then bringing 
we re part of the process. Because them all together in the configura- 
NCR 286 processor boards and back- e eC tions perfect for your specific needs. 
planes play an integral role in control- Without chewing up the calendar 

2 


ling the manufacture of the dies used and your R&D budget in the process. 
to stamp body parts. And the next Another way to say it is that we’re 
fender we bend could be yours. easy to work with. Because we have 
You're equally likely to find NCR the engineering know-how and the 
PC technology in the environmental manufacturing can-do to deliver the 
control system of the building where goods. Without hitches, without sur- 
you live.Orthe medical imaging equip- prises, without fail. 
ment in the hospital where your neigh- 


SO, as you look into developing 


bor works.And dozens of other places. e new products, or improving your exist- 
Inshort, NCR PC components and ing ones, look into NCR. For more 

technology are right for lots of different () eS details about how NCR PC technology 

applications beyond the world of PCs ® can fit into your plans, call us at 


and data processing. (513) 445-0670. 
That's because our PC technology is so versatile. And soon you, too, can have the strength of a 
Making the most of split board, surface mount and body builder. 
A SMART FOUNDATION 
TO BUILD ON. 


NCR Corporation 

Personal Computer Division 
OEM/Technology Sales 
Dayton, Ohio 

45479 
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SEEQ EEPROMS IN SPACE. 


Save Tume On Service Calls 
To Locations Like This. 


Designing electronic products that work 
well in remote locations can be tricky. Regardless 
of whether they’re 17,000 miles straight up, or just a 
stone’s throw away, field service calls are expensive. 


One way to bring these costs down to earth is to design 


in SEEQ EEPROMs. Whenever you need to reconfigure a prod- 
uct or change its programming in the field, SEEQ E’s let you 
do it with a simple phone call or radio message. No parts to 
exchange. No special gear to haul around. And no equipment 
downtime while your customers wait for the service person 

to arrive. 

SEEQ E’s also let you cut the power requirements for 
your next product launch. Our 64K and 256K CMOS E?’s run on 
less than % watt per Megabyte — about one-tenth the power 
of competitive parts. In standby, they actually go to 150 vA— 
about 400 times less than NMOS parts. So they don’t need 
bulky power supplies and heavy cooling equipment that may 
be hard to get off the ground. 

SEEQ E?s give you the kind of performance you need for 
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those applications that are on the horizon too. In 

page mode, they let you write a byte in 160 psec. For 

a 64K part, that means the entire memory can be 

updated in just 1.3 seconds — four times faster than 
the industry average. 

Add to that the high endurance and inherent relia- 
bility of SEEQ E’s — including operation over extended and full 
military temperature ranges — and you'll know why SEEQ 
has become a leading supplier of non-volatile memory 
products. 

At SEEQ, we can help you with virtually any non-volatile 
memory application — from high-density E’s to micro- 
computers with E? on board. For information on remote uses 
of E’s, call us today for our Application Note #9. 

SEEQ Technology, Inc., 1849 Fortune Drive, San Jose, 


CA 95131. (408) 432-9550. 
SeeQ@Q 


E2 Is OUR MIDDLE NAME. 
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loevery 
_ other company 
in the world, this is 


still a pro 


A A+Bw,* 


With Plessey, the solution is tion and simplified programming. _ ten times faster than anything on 
simple. Only Plessey offers a 3-chip Both dedicated and general pur- the market. 
Butterfly solution for ultra high pose devices are fabricated in One more thing. Plessey DSP 
speed FFT. No microprogramming _ Plessey’s two micron, high speed, _ products are not only the simplest. 
is needed to execute the Butterfly low power CMOS process.Which — And fastest. They're also the 
operation in one 50nS clock-cycle. also happens to make them up to __ least expensive. Which, to our com- 
Plessey’s PSDP16112, with two petitors, may be the biggest prob- 


PDSP16316s, can perform a 1024 DSP Product Family lem of all. 

point complex FFT in just 256ys. erry ey Vee ti _Call customer service in 

Then the complex results can PDSP 16330 Pythagoras Processor Swindon (0793) 726666. Fax: (0793) 

be converted to power and phase oe ae 726666 Ext. 250. After-hours Fax: 

by the PDSP 16330 Pythagoras PDSP 1640/A Address Generator (0793) 729412. Tx: 444410. In the 

Processor. United States, call (800) 247-4840 or 
All of our DSP chips are (714) 472-0303. Telex 701464. 


designed for ease of integra- Fax: (714) 770-0627 


PLESSEY 
Where great systems come from small packages. 


We also have sales and marketing centers in: BENELUX Brussels Tel: 02 733 9730 Tx: 22100 ITALY Milan Tel: (2) 390044/5 Tx: 331347 
FRANCE Les Ulis Cedex Tel: (1) 64-46-23-45 Tx: 692858F GERMANY (FDR) Munich Tel: 089 23 62-0 Tx: 0522197 
These are supported by agents and distributors in major countries worldwide. 
Plessey and the Plessey symbol are registered trademarks of the Plessey Company plc. 
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ULTRA-AIGH SPEED 


ADC600 GIVES YOU 


UNMATCHED SPECTRAL PURITY, 
70MHz ANALOG BANDWIDTH, 
... AND NO PROBLEMS. 


ADC600 is an ultra-high speed, 12- 
bit A/D converter. A two-step 
subranging conversion technique 
with digital error correction can 
digitize signals at rates up to 10 
million samples-per-second without 
sacrificing signal purity. It's an 
excellent choice for radar, sonar, 
ultrasound, and image processing 
applications. You can also use it to 
make a great front-end for today's 
advanced DSP designs. 


Complete, Easy-To-Use 


ADC600 requires only an external 
CONVERT command and power 
supplies to operate. No need for 


SIGNAL PROCESSING 


external parts. And it’s reliable, 100% 
performance tested, and already 
adopted for several major military 
programs. 


Key Specifications 


Hesoution .............4........ 12 bits 
Sampling rate .................. 10MHz 
14D ...dsi‘(a*é‘é(‘(((wN COU. —71dBc 
input bandwidth ............... 7OMHz 
Power dissipation............... <10W 
Module area .............. 3/5 X45 


Ask For A Demonstration 


ADC600 is your best ultra-high 


speed signal processing solution. 
Find out for yourself. For a free 
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demonstration and/or complete 
performance, testing, and 
applications information, contact 
your Burr-Brown sales rep or 
Applications Engineering, 602/746- 
1111. Burr-Brown Corp., P.O. Box 
11400, Tucson, AZ 85734. 


BURR -BROWN 


Improving Data Conversion Productivity 
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PHILIPS DICXO: FREQ 


after switch on. 

Inside its hermetically-sealed package, measuring 
6cm x 6cm x 0.8cm, the circuit incorporates the late: 
SMD technology and two high-quality crystals - a 
temperature sensor and an accurate frequency soi 
The latter allows a choice of frequencies in the 4.5 h 
to 15 MHz range. 

All these advantages make the DTCXO ideal for us 


Ogilvy & Mather 


Philips DTCXO is the worlds first digitally temperature- 
compensated crystal oscillator. Its unique combination 
of high stability (0.5 ppm over a temperature range 
-40°C to +85°C) with low power consumption is realised 
in a remarkably compact, practical package. 

The stability offered by the DTCXO could previously 
be achieved only with primitive power-hungry 
ovenised oscillators needing a long warm-up time. But the 


DTCXO achieves it at one twentieth of the power - instantly scientific and industrial test and measurement equipr 


PHILIPS 


Turn Good 


Ideas Into 
Good Articles 


With EDN’s FREE Writer’s Guide! 


Would you like to get paid for sharing your 
clever engineering ideas and methods with 
your professional colleagues? If so, then send 
for EDN’s new FREE writer’s guide and learn 
how. 


You don’t need the skills and experience skills you already have. Plus, it takes you step- 
of a professional writer. And you don't need to __ by-step through the editorial procedures neces- 
know publishing jargon. All you do need are a sary to turn your ideas into polished, profes- 


little perseverance, your engineering skills, sional articles. 
and the ability to communicate your ideas 
clearly. Get your FREE copy of EDN’ writer’s 
Our new writer’s guide takes the mystery —_ guide by circling number 800 on the Information 
and intimidation out of writing for a publica- Retrieval Service Card or by calling Sharon 


tion. It shows you how to write for EDN using Gildea at (617) 964-3030. 
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NCY STABILITY OVER A 
URE RANGE. 


lecommunications and aerospace. Philips Doetinchem, [Jsselstraat 18, 7008 AA Doetinchem. 
f course, your application may not call for such a wide tem- = THE NETHERLANDS. Telex 45331 phatc nl. 

srature range as -40°C to +85°C. That's fine - if a range -10°C : 

+60°C is acceptable, then stability is improved to 0.05 ppm. | fiense send me information on the Philips digitally esiineeene: || 
ith 40 years’ experience in quartz crystals, Philips has the compensated crystal oscillator. 

cpertise that makes the DTCXO one of the most stable, 


ympact and reliable oscillators available. Name 
youd like to know more just complete and post the coupon or 
tact us directly at: Position Company 


Send coupon to: 
Philips ELCOMA, PO Box 218, 5600 MD Eindhoven, 
THE NETHERLANDS. 


| Address 


PHILIPS 
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EDN INFO 
CARDS 


The Fastest, 
Most Cost-Effective Way 
to Generate Sales Leads! 


DID 


KNOW? 


You can obtain 
EDN designer’s guides to 
semicustom integrated 
circuits, CMOS ICs, and 


innovative linear circuits. 
For further information, 
contact Lauren Fox, EDN 
EDN Info Cards Manager, 

at (203) 328-2580. 


*Numbers represent actual 
responses 
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| National 
Semiconductor 


ou ever wanted to know 


Everythin 
ab ont ear applications. 


From the people who wrote the book. 


ENROLL IN Program 
NATIONALS 1987 CONTINENTAL BREAKEAST Session IIL 
LINEAR APPLICATIONS Session I: Special Functions 
SEMINAR Traditional Linear Applications @ Motion control devices 


@ Sensors for process control 
@ References 

@ Communications devices 
@ Video devices 

@ Local area network devices 
@ Modems 

@ Analog switches 


BREAK 

Session IV: 

Data Acquisition and Filters 

@ Switched capacitor filters 

@ Techniques for analog-to-digital and 
digital-to-analog conversion 

@ Application circuits 


@ Op amps 
@ Comparators 
@ References 


Whether you re a linear engineer, digital 
engineer, or engineering manager, heres 
an easy, one-day way to learn all about the 
latest in linear technology. And get real 
solutions to real application problems. 

These people aren't theorists but profes- 
sional working engineers with an average 
of 6 to 7 years’ experience in linear appli- 
cations at National Semiconductor. Some 
have 20. 

They publish at least an article a month 
and have presented key papers at almost 
every professional conference, including 
ICCE, IEEE, and Wescon. Together they 


@ Sensors 
@ Sample-and-hold devices 


BREAK 

Session II: 

Power Linear Applications 

@ Power semiconductors 

@ Linear regulators (including low 
dropout regulators ) 

@ Switching power supplies 

™@ Power drivers and switches 


LUNCH 


sey me current Linear Applications —_ T)ates and locations 
queens Bellevue, WA Oct.5 Phoenix, AZ Oct.13 Cleveland,OH — Oct. 21 
TAKE AWAY A SantaClara,CA  Oct.6 Denver, CO Oct.14 Toronto,Ontario Oct. 22 
LIBRARY OF INFORMATION  LosAngeles,CA — Oct.7__ Dallas, TX Oct.15 Boston,MA Oct. 26 
—_————__ Santa Ana, CA Oct.8 Minneapolis,MN Oct.19 Paramus, NJ Oct. 27 
As a seminar participant, you will receive SanDiego,CA = Oct.12_— Chicago, IL Oct.20  Philadelphia,PA Oct. 28 
your own personal copy of the Zinear Baltimore,MD — Oct. 29 


Applications Handbooks well as the new 
three-volume Linear Databook and the 


seminar handbook. These reference books 
have a retail value of almost $100 — more 
than twice the cost of the seminar. 


Also included in the $35 registration fee 


are a continental breakfast and lunch. 
Space is limited, so please make your 

reservations by September 25. Return the 

coupon or call toll-free (800) 227-6058. 


© 1987 National Semiconductor Corporation 
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- 
Please reserve a space for me. 


Location Nate 
Name 

Title 

Phone ( ) 

Company 

Address 

City 

State Zip 


EDN91787 


C Registration fee enclosed ($35 per person) 
CZ Bill MasterCard No. 


Visa No. 


Expiration Date 


Signature 


Make checks payable to 1987 Linear Applications 
Seminar and mail with coupon to National Semi- 
conductor, P.0. Box 5274, Cleveland, OH 44101-0274. 
Or call toll free (800) 227-6058. 


National 
| Semiconductor 


Introducing PMI’s micro- 
power OP-90, featuring 


OP-07 precision at 1/200 
the power. 


Input and output ranges 
include ground, allowing 
zero-in, Zero-out 
capability in single-supply 
applications. 


The OP-90 delivers 5mA 
but draws only 20uA 
quiescent current. 
Eliminate power-hungry op 
amps and still get the DC 
performance you require 


For more information on PMI's 
precision OP-90, please circle 
the inquiry number. Or, call us. 
1-800-843-1515. In California, 
call 1-800-826-9664. 


Precision Monolithics Inc 
A Bourns Company 

Santa Clara, California, USA 
408-727-9229 


Active feedback 


improves 


amplifier 


phase accuracy 


Using matched op amps and active feed- 
hack, you can minimize the phase error 
and so extend the bandwidth of an ampl- 
fier by more than an order of magnitude. 
This technique 1s cheaper than using 
wideband amplifiers and less sensitive to 
the temperature-related drift specifications 
of passive components. 


James Wong, Precision Monolithies Inc 


In applications such as sonar and image-processing 
systems, the phase relationship between two or more 
signals reveals essential information. These systems 
require accurate phase response in their amplifier cir- 
cuitry to minimize measurement errors. In such cases, 
active feedback can often serve much better than other 
approaches. A typical op amp is insufficient in this 
situation because it introduces significant phase shift 
long before it reaches its —3-dB frequency. The conse- 
quent phase error reduces the effective bandwidth of an 
op amp to something significantly less than the —3-dB 
point. 

You can use a wideband amplifier to overcome this 
phase-error problem. If the wideband amplifier oper- 
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ates with a —3-dB bandwidth that is much higher than 
that of the signal that you intend to amplify, then the 
phase error at your signal’s frequency decreases pro- 
portionately. The wideband amplifier’s greater ex- 
pense is the main drawback to this approach. 

If you cascade two or three amplifiers, each of which 
has its gain reduced to share the overall gain of the 
composite amplifier, the gain reduction at each stage of 
the amplifier increases the —3-dB bandwidth of each 
stage of the amplifier. Consequently, the overall band- 
width for a given phase accuracy is increased, but you 
pay for this improvement with increasingly higher costs 
and noise levels. 

Another, less expensive way to solve the phase-error 
problem is to introduce extra circuitry in the amplifier’s 
feedback loop, which provides frequency compensation. 
You can use an RC circuit to create a zero in the 
feedback loop that cancels the amplifier’s pole. This 
cancellation improves the phase response markedly by 
lessening the amplifier’s phase-response roll-off. The 
chief disadvantage of the RC technique is that it 
requires extensive tuning to match the zero with the 
pole. Furthermore, the different temperature coeffi- 
cients of the RC components cause the zero to drift. 
And when the zero drifts, it no longer cancels the pole, 
and phase error becomes a problem once again. 

Placing an op-amp circuit in the feedback stage of the 
amplifier creates the active feedback that can overcome 
the temperature drift of the RC networks. It is also a 
thriftier approach than using a wideband amplifier. You 
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A typical op amp introduces significant 
phase shift long before it reaches its —3-dB 


frequency. 


Fig I—Second-order compensation, as provided by the op amp in the 
feedback path of this circuit, extends the effective bandwith of an 
amplifier substantially. 
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Fig 2—Phase shift for single-op-amp, cascaded-op-amp, and sec- 
ond-order-compensation designs is charted here. Note the significant 
improvement brought about by second-order compensation. 
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must make sure, however, that the op amps are very 
closely matched. Monolithically matched dual or quad 
op amps can provide the frequency-matching character- 
istics (to within 1 to 2%) necessary for the success of the 
active-feedback approach. This close matching is neces- 
sary across the full temperature range of your applica- 
tion. It’s easier to achieve in an integrated dual or quad 
op amp than it is in discrete resistors and capacitors. 

Fig 1 shows a basic active-feedback circuit. It re- 
quires an op amp and two external resistors to achieve 
phase-error cancellation. In the circuit, op amp A, 
provides the forward gain of the composite amplifier. 
Resistors R; and R,/K, determine the closed loop gain 
Ay»1+K,. Amplifier A, provides active feedback to op 
amp A,. The ratio of resistors R, and R./K, determines 
the amount of phase-error compensation and has no 
effect on the forward gain of the composite amplifier. 
You obtain optimum error cancellation when K,=K,. 

In terms of the complex frequency response, the 
error terms for the circuit are given by 


itud = ( = y 
magnitude error = |, a 


3 
phase error = — ( £ 
Bor 


These equations let you compare the phase error associ- 
ated with a single amplifier with that associated with 
the 2-op-amp, active-feedback approach. They arise 
from a complete analysis of the basic circuit and its 
derivatives (see box, “Analyzing compensation tech- 
niques”). 


Dominant poles occur at 500 kHz 


Table 1 tabulates the phase error and magnitude 
error for an amplifier with a gain of 10. The comparison 
assumes that the op amp’s unity-gain bandwidth is 5 
MHz. As you can see in the table, the dominant poles of 
all three amplifiers occur at 500 kHz, where the phase 
shift for each technique is — 45°. Clearly, the compensa- 
tion techniques do not extend the bandwidth of the op 
amp itself. Rather, these second-order compensation 
techniques reduce the phase error at lower frequencies 
by adding an equal but opposite phase shift in the 
amplifier feedback loop. 

If you must limit phase error to less than half a 
degree, the second-order compensation technique in- 
creases the effective bandwidth of your amplifier from 
about 5 kHz to more than 100 kHz. If you need to limit 


EDN September 17, 1987 


phase entirely, the second-order compensation limits 
phase error virtually to zero at frequencies to 50 kHz; a 
single-stage amplifier would be limited to well below 
000 Hz. 

The magnitude and phase responses are plotted in 
Figs 2 and 3, respectively. The single op-amp response 
serves as a basis for comparison. The maximum scale of 
1.0 represents the —45° phase-shift frequency. Fig 2 
shows that the cascaded 2-stage amplifier offers only a 
slight improvement in bandwidth, and that the second- 
order compensation method offers a significant im- 
provement in effective bandwidth. 


The tradeoffs are minor 


The tradeoffs associated with the second-order feed- 
back technique are minimal. Fig 3 illustrates the appre- 
ciable gain peaking incurred, but the circuit typically 
peaks at about 3 dB at the —45° phase frequency, well 
outside the useful range. Within the frequency range 


where phase shift is negligible, the gain error is also — 


insignificant. In Fig 3, for example, at “0 of the corner 
frequency, gain error is only 0.1 dB, about 1.2%. 

In executing the second-order compensation design, 
it’s extremely important to use op amps with frequency 
responses matched to within 1 to 2%. Op amps pack- 
aged separately can have mismatches as high as 10 to 
20%, and high levels of mismatching cause either over- 
or undercompensation. Overcompensation creates ex- 
cessive phase peaking, and undercompensation causes 
early phase roll-off. 

Theoretically, second-order compensation works for 
any closed-loop gain. In practice though, at low gains, 
within the 1-to-5 range, the circuit may become unsta- 
ble due to phase-margin degradation introduced by the 
active feedback. As a rule of thumb, you should work 
with a gain of 10 or greater. The match between 
theoretical and actual performance improves as the gain 
of the circuit is increased. 

A circuit using the second-order compensation is 
illustrated in Fig 4. The op amp used in this example is 
an OP-470, which is unity-gain stable and provides a 
6-MHz unity-gain bandwidth. It’s a quad op amp that 
offers a 1% match in ac characteristics between the four 
op amps on the chip. The circuit provides a gain of 10 for 
the amplifier. 

The actual phase response of the circuit was mea- 
sured using a network analyzer and is compared with a 
single-stage amplifier in Fig 5. The measurement con- 
firms that the phase shifts of the second-order-compen- 


sated design and the single-stage design converge at 
Text continued on pg 185 
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0.005 0.01 
FREQUENCY RATIO (1/8 )( ® /; ) 


Fig 3—Second-order compensation does carry the penalty of gain 
peaking, but this doesn’t become significant until close to the corner 
frequency. 
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1/2 OP-470 Vo= 10Vin 


Fig 4—This amplifier uses the second-order compensation technique 
and has a gain of 10. 
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Fig 5—The phase response of Fig 4’s circuit illustrates the improved 
flatness of response that can be attributed to second-order compensa- 
tion. 
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Analyzing compensation techniques 


A single-stage amplifier without any band-limit- 
ing circuit, as shown in Fig A, rolls off according 
to the closed-loop gain of the circuit and the 
amplifier’s own natural frequency response. You 
can approximate the amplifier’s open-loop fre- 
quency response in this way: 


open-loop gain A(s) = Ao, 
1+ 8 
T 


where Ao is the de open-loop gain and, wy is the 
unity- gain radian frequency of the amplifier. 


The fundamental assumption underlying this ap- 

_ proximation is that the amplifier has a single- 
pole response. Thus, the closed-loop response as 
a function of frequency is given by 


closed-loop gain Ac,(s) = - ( 


As long as the loop gain is much greater than 
unity—which is usually the case—you can re- 
write the expression as 


closed-loop gain Ac,(s) = * (——). 
i+ S 


Vout 


Ri 
R; +Ro 


TE 
FEEDBACK FACTOR B= 


Fig A—A basic single-stage amplifier without any band- 
limiting circuit rolls off according to the closed-loop gain of the 
circuit and the amplifier’s own natural frequency response. 

ee CPO: 


Fig B illustrates the magnitude and phase re- 
sponse of the closed-loop amplifier. Notice tha,t 
at the —3-dB corner frequency w,, the phase 
shift is —45°. Even at %o of the corner frequen- 
cy, the amplifier still has a 5.7° phase lag. The 
maximum frequency must be nearly two decades 
below the corner frequency to limit phase error 
to less than one degree. 

Fig 1 (pg 180) illustrates the second-order, 
active-feedback compensation circuit that you 
can model by writing the transfer equation for 
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(dB) 
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Fig B—Magnitude and phase response are shown for the basic 
single-stage amplifier. Notice that, at the —3-dB corner frequen- 
cy we, the phase shift is —45°. 


the two amplifier loops. In solving this equation, 
assume that each amplifier has a single-pole roll- 
off response and that the two amplifier re- 
sponses match perfectly. 


At the junction of R; and R,/K,, the resistor divider 
expression becomes 


Similarly, the resistor divider expression for R» and 
R,/Kg is : 


For ac response, the loop equations can now be 
written: 


as [Vi si Ces-aho a 


oe 1 o 1 or 
Az loop: V2 = (5 mf z)Vo (; ; z)¥e|2 : 


Solving the simultaneous equations in terms of Vo 
and Vjy, the transfer function is, 


14 a+K) 

V Co eR 

Vin€ he Ky . ++ K)g+Q+K) 0+ Es 
Or wr 


Defining the time constants 


tT, =2+K at, = tk 
OT wr ’ 


and substituting those time constants into the previous 
equations yields 


y= +K)| os |. 
IN 


— ee 
1+ Tis + T,T.s? 
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For optimum compensation, the time constants T, and 


T, are made equal: 


Vo 


1+Ts | 
Vin 


= 0+) | ee Te 


For sinusoidal input, where phase information is impor- 


tant, the complex frequency domain is used. 


vo 1+4T 
VO — _ tte 
Vy, ue) = EF Be F ila = aal 


Now we calculate the complex conjugates to simplify: 


Vo — (1 + jTw) (1 + T’o’ — ite} 
hl ae 

Vo. GQ — Te)? + Te? 

1 — 7T?w? | 


= (1+ K) F Se oporege 


From this equation, the magnitude error expression 
can be derived. 


magnitude error = ee s 
1 — T’w? + Ttw*| 


it i. a 
1 — T’w? 


= 1+ T°w’-— 1 


for Tw << 1, =| 


= Tw’. 


Similiarly, the phase error expression can be derived. 


Phase error = ARC (1 — jT*w’) 
= — Te’, 


Tw relates to closed-loop gain as 


5 =1+K=1+K, 


therefore, 


The transfer function can then be rewritten as 


@ \3 
1- j ( i 
_@ © w@ \4] 
1 — ( or) + (Bor) 
Using this equation, the phase and magnitude 
behaviors as functions of frequency are tabu- 


lated in Table A. Note that, at “%o of the corner 
frequency, the compensated circuit produces a 


Vo 2s 
Vw B 
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—(0.057° phase shift, far superior to the —5.7° 
produced by the uncompensated circuit. 


TABLE A—SECOND-ORDER COMPENSATION 
PHASE AND MAGNITUDE BEHAVIOR 


BwoT PHASE (DEGREE) | MAGNITUDE | 20 LOG (MAG) IN dB 
001 00000 
0.06 0.0842 
0.06 0.0554 
02 0.3404 
— 45.0 1.4125 3.0 


You can model the third-order compensation 
circuit of Fig 10 (pg 186) in a similar way. 
Assume that all three op amps in the circuit 
have a single-pole roll-off in the frequency re- 
sponse represented by 


sooo (2) 


where wz is the amplifier unity-gain crossover 
frequency. 


For ac sinusoidal response, the loop equations 
ean be written: 


A, loop: Vo a a | Viv - ao v.| 


_ WF 1 _ 1 
As oop: Ve = 22 | a Wo - Gat V8 


_ WF 1 _ 1 
As loop: V3; z Fess re K,) V> G+ kK) i K,) Vs|. 


Solving the three simultaneous equations in terms 
of Vo and Vjy, the transfer function is 


V ax? + bx + 1 

1+ Ks) (4 ) 
ioe AGS Xk, 
where a = (1 + K,)(1 + Ks), 


b=1+kK, 
S 


— a 
—— 


T 


—_ 
— 


Vin ax? + bx? + (1 + 


Box continued on pg 184 
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EE 


Box continued from pg 183 


Define the time constants 


7, =l+Kh 7,-1+k 
WT WT 


and T. = ao Ky then substitute, 
WT 

Vo 

Vin 

(1 f K,) F 1 + Tys ae TT s" |. 
+ (T, + T3)s + T,Y.8° + T,T.T.s° 


The de gain of the amplifier is (1 + K,). And the ac 
response has the general form: 


Vo _ 
Vins @! ag Kj) E,(S), 
where 
rs 
E,(s) ae 1+ Tos + T.T38 


1+ (T, +T,)s + T,Tis? + TTT! 


Solve for ac response in terms of T,, T., and T:. 


€,Qw)= 
1 — ToT 3a? + Tow : 
1] —- TT.” + juUT 2 T.)@ = T,T.T.0?] 


Defining: 
a=1-= TT 30”, b= Tow 
c= 1= TT .w’, d= CT, aE T;)o@ pa T T.T3@? 


- +_atjb_ ac + bd + jibe — ad) 
€Qe) Cr Jd e+ de 


The numerator determines the phase shift of the 
amplifier. Solve the numerator of e,(jw): 


E,Jw ) =1+ j (Tt; — ies T;)o — (TT — T.T;? 
= 2T,T.T;)w? eau TT ¢T 40°. 


To minimize phase shift, make T, — T, — T; = 0, 
and 


numerator €,(jw) = 
L+ i ae T.)(T,T, = 21,1, — T;)w’ — T,TT,’o*). 


The objective is to eliminate the w* term: 
= Tot?) (Tz — 2F,) — T,?}>0. 


First substitute T, + T; for T., then let T; = aT). 
Set the equation equal to zero and solve for a. 


eae Ee aT) (Eh y= aT) - (aT,)*] = 0 
a’t+a—-1=0 
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Solving a for the two roots, you obtain 
a = 0.618034 
a = — 1.618034 


For minimum phase shift, the relationships 
T, + T; = T, and T; = 0.618T,, are used. 


T, = 7 
T, = 1.618034T 
T; = 0.618034T , 
recalling that T, = uae 8) T, = eS) and 
WT WT 
(ie us K; 
WT 


Since K, relates to the de gain 1/B of the amplifier 
as (1 + K,) = 1/B, the design equations are: 


Substituting and solving for K, and K; in terms 
of K,, 


K, = 1.618034 K, + 0.618034 
K; = 0.618034 K, — 0.382. 


These three last design equations produce opti- 
mum phase cancellation for an amplifier with any 
gain. For example, for an amplifier gain of 10, K, = 
9, K, = 15.18, and K, = 5.18. 


In order to derive the complete transfer function, 
the denominator is similarly solved. 
Therefore, with 


denominator €,(jw) = 
1 — 0.618T*w* — 0.618T4a@4 + Tw", 


the complete ac response is: 
E,Gw) = 


1 — (To) 
1 — 0.618034 (Tw)? — 0.618034 (Tw)! — (Tow)! 


Finally, the complete amplifier transfer function 
1S, 


Vv aaa 
Vin 
1 — (Tw)? | 
val 1 
ven? 1—0.618034(T w )’— 0.618034 (T w)4 —(T w )' 
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Fig 6—Slight peaking in the phase response at 100 kHz for the 
second-order-compensated circuit is illustrated in this closeup view of 
Fig 5. 


—45° and 135°, respectively. The second-order re- 
sponse runs virtually flat with negligible phase shift to 
a much higher frequency before bandwidth limitation 
sets in. The roll-off is much steeper for the the second- 
order system than for the single-stage system. Fig 6 
illustrates more clearly that the second-order circuit’s 
phase error remains nearly zero out to 100 kHz, while 
the single-stage amplifier’s low phase-shift bandwidth 
is limited to 2 kHz. 

Fig 6 also reveals a slight amount of phase peaking at 
about 100 kHz, just before the response rolls off. The 
peaking stems from the op amps’ second poles near the 
unity-gain frequency. With a closed-loop gain of 10, the 
dominant pole and the second pole are separated by 
only one decade in frequency. This proximity causes 
secondary effects on the phase response of the amplifi- 
er. However, if you increase the closed-loop gain of the 
circuit, you further separate the two poles, reducing 


UT 
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Fig 7—The magnitude response of the second-order-compensated 
circuit exhibits peaking at a frequency that is well beyond the useful 
range of the circuit. 
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Active feedback can overcome the tempera- 
ture-drift problem associated with RC net- 
works. 


100k 1M 
FREQUENCY (Hz) 


Fig 8—Taking a closer look at the magnitude response, you see that 
below 100 kHz, the frequency range where phase error is negligible, 
only a small degradation in gain accuracy occurs. 


the second-pole effect. 

Fortunately, the second-order compensation’s im- 
provement in phase error does not exact much of a 
penalty in magnitude error. Fig 7 charts the magnitude 
response versus frequency. Some gain peaking is ap- 
parent, but as predicted, the peaking occurs well be- 
yond the amplifier’s useful bandwidth. (Fig 8 shows a 
close up of the gain peaking for the second-order- 
compensated circuit.) In the frequency range below 100 
kHz, gain error is held to less than 0.25 dB or 3%. In 
comparison to the single-stage approach, a second-or- 
der compensation offers both low phase error and low 
magnitude error over a significantly expanded band- 
width. 

Either resistor tolerances or op-amp mismatches can 
degrade the compensation circuit’s performance but to 
no great extent. What does make a big difference is 
variations in K, (Fig 9). If you assume that the op amps 


“ op ies Ro/Ko 
[| 

ith WV \ 
i 


| 
| 
Wi + +10% 


rN 
N 
14 N\A 
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Fig 9—Phase-response sensitivity to variations in the compensation 
resistor ratio results in slight over- and undercompensation. 
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Theoretically, second-order compensation 
works for any closed-loop gain. 


3/4 OP-470 


Fig 10—Third-order compensation takes the concept of active feed- 
back one step further, adding another level of compensation to the 
feedback path. 


in Fig 1 match perfectly, the resistor ratio, K», is the 
only variable that affects the amount of phase compen- 
sation that the feedback circuit provides. If you de- 
crease K», the gain of op amp Az is also decreased; in 


turn, the dominant pole of A; shifts to a higher frequen- 


cy, thereby decreasing the compensation. In the ex- 
treme case, where op amp A,’s gain is reduced to unity, 
the circuit behaves as if it had no compensation at all. It 
then responds as a single-stage amplifier. On the other 
hand, if you increase K2, the gain of A, is likewise 
increased, and A,’s bandwidth decreases; overcompen- 
sation results. The end effect is that phase and gain 
peak more. 

Third-order compensation, which requires another 
op amp and two resistors in the feedback path, provides 
even greater phase compensation than afforded by 


second-order compensation. The schematic for the 


TABLE 2—ERROR COMPARISON OF 
SECOND-ORDER VS 
THIRD-ORDER COMPENSATION 

SECOND-ORDER | THIRD-ORDER 


CLOSED-LOOP GAIN 


MAGNITUDE ERROR 


PHASE ERROR 
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third-order compensation circuit is given in Fig 10. The 
additional compensation comes from op amp A; in the 
feedback path of op amp A. The basic circuit is the 
same as that of the second-order compensation circuit. 

The sinusoidal transfer function when the phase 
difference is minimized may be written: 


Vo _ 
Vin | 
(1 + K,)| a | 
1— 0.618034(T w )? — 0.618034(T w )! — (T w )' 
where: T = u 
: Bo. 


The numerator contains the phase information and the 
denominator contains the magnitude information. 
Table 2 contrasts the magnitude and phase errors for 
the second-order response with that of the third-order 
response. Magnitude error is 38% lower for third-order 
compensation. Phase error is reduced from a third- 
order to a fifth-order term. 

The third-order frequency response is plotted in Fig 
11 in comparison to that of the second-order compensa- 
tion and of the single op-amp design. Given a prescribed 
error band—for example, one degree of phase error— 
third-order compensation doubles the effective band- 
width of an amplifier design over the second-order 
compensation technique. 


THIRD-ORDER 
COMPENSATION 


SECOND-ORDER 
COMPENSATION 


0.005 0.01 0.05 0.1 
FREQUENCY RATIO (1/8 )( @ /@; ) 


Fig 11—For a given phase error, the third-order compensation 
technique offers twice the bandwidth that the second-order technique 
does. 
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For active feedback to work, you must make 
sure that the op amps match very closely. 


As you might imagine, the extra op amp in the 
feedback loop causes the gain to peak more at the —45° 
corner frequency. However, in the frequency range 
where phase error is minimal, gain accuracy is also 
improved. At a frequency ratio below 0.1, magnitude 
errors do not exceed 0.1 dB. 

Fig 12 shows a test circuit that implements the 
third-order compensation. The phase response, mea- 
sured by a network analyzer, is compared to that of the 
second-order compensation and of a single-op-amp de- 
sign in Fig 13. The phase response of the third-order 
design remains flat beyond 400 kHz, double the 200 kHz 
provided by the second-order design. The magnitude 


3/4 OP-470 


Fig 12—A third-order compensation circuit with com ponent values 
that set a gain of 10 for the amplifier is illustrated here. 
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Fig 13—The actual phase response of the third-order circuit 
remains flat to a higher frequency than the second-order circuit or the 
single-op-amp design. 
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response, on the other hand, has considerably higher 
peaking than the second-order design, but below 350 
kHz, the third-order design actually provides lower 
magnitude error than does the second-order design. 
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Wyse takes the high cost 
out of high resolution. 
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high-quality connectors: 


D-Subminiature Printed Circuit Card Edge Pin Headers 
e All plastic and metal shell e Low cost cantilever contacts e Unshrouded, 

e 590 and .318 footprints e Modified bellows wire wrap straight and 

e Crimp-snap e C8 press fit alelalarctalelicss 

e Surface mount 

e Press fit DIN 


e Standard and reverse 


Our design innovations can provide you with substantial cost savings plus the greatest 
variety of mounting options available. At Holmberg, we'll do whatever it takes to make your 
job successful. 


i> wt" HOLMBERG 
a ELECTRONICS 


The Innovation Connection 
PO. Box 37, Inman, SC 29349 + 803/472-4141 + Telex Il 810/690-2302 + Fax No. 803/472-8568 


CIRCLE NO 70 


The new TI-60 is 
than the best-selling advanced 
Scientific ever. 


We know, 


because we made 
that one too. 


No one knows the advanced 
scientific calculator market better 
than Texas Instruments. Because 
no one has sold more advanced 
scientific calculators than we have. 

The new TI-60 has 124 of the 
most commonly used functions to 
help you get your work done faster 
and more reliably. 


©1987 T 


Functions such as: hexadecimal/ 
octal conversions, integration using 
Simpson’ rule, statistics including 
linear regression and trend line 
analysis, and metric to English 
conversions 

In other words, lots of built-in 
power to provide you with quick, 
reliable solutions to a wide variety 
of engineering problems 

The TI-60 is also programmable 
up to 84 keystrokes. Which allows 
you to solve repetitive calculations 


CIRCLE NO 71 


better 


in the shortest amount of time. 
And there are 12 constant memory 
locations that store data for future 
use and an “easy-touch” keyboard to 
help get your work done even faster. 
The new TI-60 Advanced 
Scientific Calculator. It’s better than 
the best-selling advanced scientific 
ever. And we should know. After all, 


we made that one too. : 
TEXAS a 
INSTRUMENTS 


Isolator measures 
12-bit signals across 
+3500V barriers 


High common-mode voltages, ground loops, 
and electrical faults can plague measure- 
ment and control equipment. By using an 
isolation amplifier and careful circuit de- 
sign, you can achieve safe and accurate 
measurements in the presence of voltages as 


high as 2500V rms. 


Howard Samuels, Analog Devices 


When you’re designing a system, you must often pass 
analog signals between one system component and 
another where the two components may not share a 
common ground. A common-mode potential between 
the two components can be either a fault condition or 
normal operation. Isolation amplifiers (isolators) pro- 
vide the best means of transferring analog information 
when you must guarantee the absence of any galvanic 
connection between the two components. 

You typically need an isolation amplifier for one of 
three reasons. First, you’d use an isolator when you 
need a differential amplifier, yet the required common- 
mode range rules out traditional modular or monolithic 
differential or instrumentation amplifiers. An isolator’s 
high common-mode-voltage rating permits a differen- 
tial signal to exist in the presence of common-mode 
voltages of several hundred volts. Second, in circuits in 
which no common-mode potential is present during 
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normal operation, you can use an isolator to provide 
protection against a fault condition. Third, isolators can 
eliminate any possibility of current flow between two 
points; this capability is important in medical applica- 
tions, for example, where a few milliamps can be fatal. 

Instead of using an optically coupled or capacitively 
coupled isolator, which require external power supplies 
and exhibit performance limitations, you can use a 
device such as the AD210 3-port isolation amplifier (Fig 
1), which is constructed of surface-mount components 
and assembled automatically. The AD210 combines 
2500V rms isolation with an input offset voltage of 15 
mV maximum, an input offset-voltage drift of 10 
uV/°C, and a gain temperature coefficient of 25 ppm/ °C 
max. 

You can use the isolator without an external input 
amplifier in applications requiring gains of 1 to 100. The 
device’s linearity is +0.012% of the output span, ren- 
dering the device transparent for applications requiring 
as much as 12 bits of accuracy. Furthermore, its 
large-signal —3-dB bandwidth is 20 kHz, which is 
several times higher than that of most of today’s high- 
performance isolators. 

The device is a functionally complete isolation ampli- 
fier. Two isolated bipolar power supplies (+15V) are 
available to the input and output circuitry. Additional- 
ly, the isolated power (+5 mA) is available to support 
signal conditioning and adjustments without external 
de/de converters. The AD210 also incorporates an un- 
committed FET-input op amp to provide gain as well as 
calibration functions. 

As Fig 1 shows, a 15V differential applied to pins 29 
and 30 drives a 50-kHz power oscillator. The output of 
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An 1solator can eliminate any possibility of 
current flow between two points, such as in 
a medical application, where a few milli- 
amps can be fatal. 


Fig 1—This 3-port isolator isolates the input, output, and power ports of a system. Wire-wound transformers couple signals and power across 


the isolation barriers. 


the oscillator drives transformers T, and T;, whose 
secondary outputs undergo rectification and filtering to 
provide unregulated power to the input and output 
ports. You can configure the input op amp to provide 
gain, offset, and signal-conditioning functions. Its out- 
put amplitude-modulates the 50-kHz carrier frequency 
that passes through signal transformer T,. The timing 
information provided by power transformer T; performs 
synchronous, full-wave demodulation of the signal from 
T;. Following the demodulator is a 3-pole, buffered, 
20-kHz lowpass filter. From the output of the input 
amplifier to the output of the AD210, the isolator is a 
unity-gain device. 


Trimmable input buffer provides gain 

As Fig 2 illustrates, you can use the isolator as a 
high-input-impedance buffer with gain. You configure 
the internal input amplifier as a noninverting amplifier 
with an approximate gain of (50k+R,)/Rg. The 5k trim 
potentiometer compensates for the initial gain-accuracy 
error of the AD210 (2% for the AD210A, 1% for the 
AD210B) and the ratio error of the gain-setting resis- 
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tors. At gains of less than 5, the reduction in the 
potentiometer’s adjustment range may warrant alter- 
ing the potentiometer’s value. 

The offset adjustment scheme shown connects the 
offset-correction voltage in series with the common side 
of the signal source. This scheme works only if the input 
source has no other current path to input common. To 
provide a bipolar offset adjustment with stable temper- 
ature characteristics, you connect the offset-adjust- 
ment potentiometer to the pair of temperature-compen- 
sated zener diodes, D; and D,. 

D; and D, are also an integral part of a normal-mode 
protection scheme. Assuming the input signal remains 
within +5V of input common, low-leakage diodes D, 
and D» are reverse biased and do not affect the opera- 
tion of the circuit. However, should the input signal 
exceed either zener voltage, the diode begins to conduct 
and limits the AD210’s input voltage to the zener 
voltage plus a diode drop. In fact, you can apply 130V 
rms continuously to the input of this circuit and not 
exceed the power limit of R,. The voltage rating of this 
40-kQ, “%W resistor must exceed the maximum ex- 
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40k 


ely FDH333 (2) 


Vsic 


-1N4573 


D3 
1N4573 


Fig 2—Passive components protect the isolator’s input against 1 30V rms normal-mode signals. You can trim the gain and offset to 0.01 % of 


the signal span. 


pected fault-condition voltage. As soon as the input 
voltage returns to within the clamp limits, the pro- 
tected buffer will function normally. 

Should you desire an inverting gain, you simply 
reverse the input leads, because the input of the AD210 
shares no common ground with the external circuitry. 
If additional connections prevent you from reversing 
the input leads, you can reverse the output leads, 
because the AD210 is a 3-port isolator. The device’s 
own isolation properties provide the 2500V rms contin- 
uous common-mode protection. 


Isolated current source supplies 1 to 5 mA 


You can employ the output circuit shown in Fig 3 to 
create a self-powered output-current source. The 
AD210’s isolated power (+Voss and — Voss) operates 
IC,. Resistor R, converts the output voltage of the 
isolator to an equivalent current of Vour/2k, directly 
affecting the gain of the current-output device and its 
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thermal stability. You can adjust the initial gain accura- 
cy of the output device, but its thermal drift must be 
low enough for the application. 

All of the current flowing through R,—except the 
bias current of IC,, the leakage current of D,, and the 
base current of the output Darlington pair (Q; and 
Q.)—flows through the Darlington pass devices. IC, has 
a low bias current, and D, is a low-leakage diode. The 
Darlington configuration minimizes the loss of current 
to the transistor’s base. The low-leakage diode, D,, 
protects the base-emitter junction from reverse bias 
voltages. Using —Voss as a current return provides 
more than 10V of compliance for the current source, 
because the output port is completely isolated. 

You can implement offset and gain control either at 
the input of the AD210, or by adjusting R, and sum- 
ming a correction current into the summing node of IC,. 
The nominal current range for this circuit is 1 to 5 mA 
because bias and leakage currents place a lower limit on 
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Qe 
2N3906 


RETURN 


Fig 3—In addition to measuring input signals in the presence of high common-mode voltages, a 3-port isolator can generate high-level 
voltage and current outputs. This circuit produces a 0- to 5-mA current with more than 10V of compliance. 


4-mA OFFSET 


ADJUSTMENT 
® 


CURRENT LOOP B 


2N2907 


19 
ANALOG 
1 GND T : 
16 | SN QO 
} 2N2219 


16 
C1] 33 pF 
2 17 
| 19| Q2 


23 
C2 [33 pF 

17 
24 


18 


Rs 
100 20-mA 


DIGITAL GND SPAN 
30 ADJUSTMENT 
1N4149° CURRENT 


Rioap LOOP B 
U 


15V 
(TO BOTH AD210s) 4 


Fig 4—A dual D/A converter and two isolators deliver programmable isolated outputs of 0 to 10V and 4 to 20 mA. 
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he output current. You can detect a broken connection 
nywhere in the current loop by the absence of output 
urrent. If you power the AD210 from the input poten- 
ial, this circuit will provide a fully isolated, wide- 
andwidth current output. 


Jual isolated outputs are programmable 

A pair of isolators in conjunction with an AD7547 
ual 12-bit D/A converter can provide a dual, 12-bit, 
rogrammable isolated-output device (Fig 4). The out- 
uts are a low-impedance, isolated analog voltage 
vhose amplitude is proportional to the digital input 
ignal multiplied by analog input voltage Vina, and a 4- 
o 20-mA current loop that’s proportional to the digital 
nput multiplied by Vins. 

The inputs of IC, are TTL or CMOS compatible. To 
yrovide a ground reference for the digital input signals, 
rou should tie the input common of the AD210s to both 
he digital and analog commons of IC,. The + Viss of one 
f the AD210s powers the dual DAC. You can use the 
wo analog inputs of IC, either with a reference (pow- 


TO +Viss 


STRAIN GAUGE 


TO +Viss 


An isolator can work as a ligh-input-im- 
pedance buffer with gain or as a self-pow- 
ered output-current source. 


ered by one of the isolated input supplies of the 
AD210s) or as varying analog inputs that are multiplied 
by the digital inputs (IC, is a multiplying DAC). The 
voltage connected to Vjyp 1s usually a 10V dc reference, 
and the AD210 output applied to the current-loop 
device is unipolar. 

The input amplifiers of the isolators convert the 
output currents of the DACs to a voltage. If the offset 
voltage of the AD210’s input amplifiers is too high for 
the application, you can zero it out by injecting a small 
current into the inverting-input node (pin 17). 

The voltage output of channel A is labeled as — Vouta, 
because the input amplifier of the isolator acts as an 
inverter, and the polarity of the output voltage will be 
the opposite of Vina’s. You can negate the inversion by 
interchanging the output and output-common pins of 
the 3-port isolator. 

You connect channel B of IC, to another isolator 
whose output drives a 4- to 20-mA current-loop device. 
When a 10V reference is connected to Vins, the output 
of the AD210 varies between 0 and —10V. If you swap 


Fig 5—This wideband strain-gauge circuit yields a —3-dB bandwidth of 10 kHz at a gain of 1000. Because its power supplies are internally 


isolated, the circuit eliminates the need for a separate dc/dc converter to run the strain-gauge circuitry. 


isolated, the circuil eiminates ine 160 JOT 0 oe ieee ee 
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A pair of isolators and a dual, 12-bit 
D/A converter can provide a dual, 12-bit, 
programmable tsolated-output device. 


the output leads of the AD210, its output will vary 
between 0 and 10V. Such swapping is possible because 
of the complete isolation of the AD210. 

The current mirror, formed by Q and Q; and their 
emitter resistors, multiplies the power-supply current 
of IC,. Resistor R3 adjusts this current to a value of 4 
mA. The input voltage applied to the current-loop 
device appears across the 576 resistor (R,) and the 
100 potentiometer (R;) to create a 16-mA span. The 


1N4149 diode keeps the output of IC. in the linea 
region at very small input-voltage signals. You shoulc 
adjust the 4-mA offset with a nominal AD210 output o: 
OV, and the current span to 20 mA with a —10V output 
from the isolator. 


Stable reference drives strain gauge 


Fig 5 shows how you can use the AD210 to implement 
a wideband strain-gauge circuit that yields a —3-dB 
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yandwidth of 10 kHz at a gain of 1000. Because the 
\ D210’s internally isolated supplies power the external 
Cs, this circuit provides an isolated strain-gauge condi- 
ioner, obviating the need for an external de/de con- 
verter. 

A strain gauge, which is often used in weighing 
:pplications, is a resistor divider, usually in the form of 
1 bridge, in which the amount of force applied to the 
yauge controls the division ratio. If the gauge includes 


~ You usually measure it by _ 
shorting the input terminals to- 
gether and configuring the un: 


age is ‘then the g gain times the 
input offset plies plus the 1 


tionships to. Ermine the inp 
and output offset voltages. Any 
circuitry after the gain stage can _ differ 
induce the output offset voltage, the bar 
making this parameter invariant : bes tl sa ¢ 
with gain. Both the input and ~— ) 
the output offset voltage drift ne 
with temperature. Data sheets oF wep: ‘ble { 
normally specify this drift in 
wV/°C. : 

Leakage is the common-mode instead 0 
current usually caused by separ single clo 
itance between the ports. Data _—i| 
sheets usually specify the ink |. 
age at some voltage below the _ 
breakdown rating. The specis _ 
intended to indicate the maxi- _—_8 
mum common-mode current 


“Output ti 


ors Ss : ake lack: joints / 


power from the 
- sien a mean 


bridge-completion resistors, the output of the gauge is 
the differential voltage between two resistor dividers, 
one of which varies with force. Two of the signal- 
conditioning challenges that strain gauges present are 
the need for a stable, excitation voltage reference to 
minimize thermal drift, and the need for a low-offset- 
drift differential amplifier (because of the normal high- 
gain requirements). 

The voltage reference (IC,) that is powered by the 


ort jelators erage 
ilvanic isolation between the 

input port and power port, the 

output port and power port, and 


ge. This ial of Sort isolator 
erives its ‘power from a source 
mon-mode potential simi- 
Cc output port, while still 
waintaining galvanic isolation. — 
‘Such I isolation is useful for pre- 
_ venting ground-loop problems © 
ee ~ between the power supply and 
the signal, but does not guaran- 
tee protection against faults be- 
‘tween the output and power 
ports. 
ful 3-port isolators maintain 
full breakdown-voltage limits be- 
tween any two ports. You can 
use this type of isolator as either 
an input isolator or an output 
- isolator simply by referring the 
power source to the appropriate 


y 


Loonie a 


a port ey 


under certain operating condi- 
tions. 


Linearity: Measures of near: 
ity vary among manufacturers of 


isolation amplifiers. Because 


transformer-based isolators gen- 


erally exhibit a well-behaved a 
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- near a ganceroe hake nade 
Ua Output isolators often pro- 
vide 4- to 20-mA current-loop | 

outputs for use as. industrial con- 
trol signals, and they provide — 
_ galvanic isolation between the 
input and power ports — the 
uae port. 


port. You can use the isolation of 


the power port to derive power 
from some potential other than 


the input or output, and to pro- 
- vide additional protection 


against faults in the power 
supply. 
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With its internally isolated power supplies, 
an isolator makes an excellent strain-gauge 
conditioning circuit without any need for 
an external dc/dc converter. 


Fig 6—These oscilloscope photos illustrate the ac performance of the 
tandem amplifier of Fig 5. At a gain of 1000, the amplifier has full 
gain at 2.5 kHz with about 35° of phase shift (a). About half of the 
phase shift is internal to the AD210. The amplifier’s —3-dB point 
occurs at about 10 kHz (6b). 


floating input supply, +Viss, provides a stable excita- 
tion voltage reference for a strain-gauge bridge circuit. 
IC, performs an inversion using the bridge-completion 
resistors of the gauge to improve thermal tracking 
between the two arms of the bridge. If the gauge is only 
a half-bridge type, you should use thermal tracking 
resistors, such as those found on a thin-film network, to 
create the inversion. The input characteristics of the op 
amp used to invert the reference are every bit as 
important as those of the amplifier used to provide the 
gain. You can adjust the offset of the strain gauge, the 
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tandem amplifier configuration, and the isolator with a 
trim resistor in one of the two locations indicated by the 
dashed lines shown in Fig 5. 

By using an accurate reference inversion to create a 
bipolar excitation voltage for the bridge, you can refer- 
ence the output of the strain gauge to ground. Thus, 
instead of requiring a differential amplifier, you merely 
require a high-gain, noninverting amplifier with good 
input characteristics. Connecting IC; in tandem with 
the internal input amplifier of the AD210 produces a 
gain of 1000. The two 100-pF capacitors stabilize the 
amplifier pair, yielding a —3-dB bandwidth of 10 kHz at 
a gain of 1000. The scope photos in Fig 6 illustrate the 
transfer characteristics of the dual amplifier. EDN 


Author’s biography 


Howard Samuels is a design engineer 
in the Interface Products Div of Ana- 
log Devices (Norwood, MA). His re- 
sponsibilities include the design of iso- 
lators and analog signal-conditioning 
circuits. Howard, who has been with 
the company for five years, holds a 
BSEE from Carnegie-Mellon Universi- 
ty. His interests include windsurfing, 
skiing, and music. 


Article Interest Quotient (Circle One) 
High 497 Medium 498 Low 499 


EDN September 17, 1987 


Terminate bus 
lines to avoid 
overshoot and ringing 


At high frequencies, the traces on a pc 
n0ard act as transmission lines, so you may 
need to terminate them to avoid signal 
listortion caused by impedance mismatches. 
[he five termination techniques presented 
here are particularly suitable for use with 
high-speed CMOS logic, but you can adapt 
them to suit other logic families as well. 


Charles Pace, Fairchild Semiconductor Corp 


Recent high-speed CMOS logic devices allow low-power 
CMOS circuits to operate nearly as fast as their ECL or 
bipolar Schottky counterparts. If you plan to incorpo- 
rate high-speed CMOS devices in your designs, you'll 
have to make use of some design and board-layout 
techniques that are standard practice for high-speed 
circuits but that are not needed at lower speeds and 
therefore may be new to you. One of these techniques is 
line termination. By eliminating impedance mis- 
matches, line termination increases noise immunity, 
suppresses RFI/EMI, and helps to ensure that signals 
reach their destinations with minimal distortion. 

In the following pages, you'll find guidelines that will 
help you decide whether to terminate traces on your 
board and, if so, which of five methods (series, parallel, 
Thevenin, ac, or active termination) best suits your 
application. The discussions and illustrations relate 
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specifically to devices in the Fact logic family from 
Fairchild, but you can apply the same principles to 
designs that use ICs of other high-speed digital-logic 
families, such as ECL or bipolar Schottky ICs. 


Transmission-line effects increase with frequency 


Every conductor carrying an ac signal acts as a 
transmission line, and its distributed resistance, induc- 
tance, and capacitance combine to give the conductor 
what amounts to a characteristic impedance. The value 
of this impedance depends on physical attributes such 
as cross-sectional area, the distance between the con- 
ductor and other ground or signal conductors, and the 
dielectric constant of the material between them. Be- 
cause the characteristic impedance is reactive, its ef- 
fects increase with frequency. Fig 1 shows the equa- 
tions that you can use to calculate, from the line 
dimensions, the characteristic impedance (Z») and prop- 
agation delay (Tpp) of various types of lines. 

Although the resistance, inductance, and capacitance 
of a pe-board trace are very small, they can cause 
significant distortion of high-speed digital signals, for 
two reasons. First, digital pulses are rectangular, 
which implies that they have very high-frequency har- 
monics (as high as 200 MHz for a 3-nsec edge rate); the 
transmission-line effects attenuate these upper har- 
monics more than they attenuate the fundamental fre- 
quency, so the corners of the waveform become 
rounded and the rise time increases. In effect, the 
transmission line introduces a time delay between the 
moment at which the source reaches the peak of the 
rising edge and the moment at which the destination 
reaches that same peak. 
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At high frequencies, all conductors tend to 

behave as transmission lines; they may need 
impedance-matching terminations to avoid 
overshoot and ringing. 


MICROSTRIP LINES 
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Teo = Propagation delay time 
e, = Dielectric constant of insulation 


Fig 1—You can use these dimensional illustrations and associated equations to calculate the characteristic ampedance (Zo) and 
propagation-delay time (Tpp) of the four principal conductor configurations that behave as transmission lines. 


Second, gross impedance mismatches (between the 
transmission line’s characteristic impedance and the 
input or output impedances of devices connected to the 
line) reflect the signal back and forth on the line. These 
reflections, which may attenuate or reinforce the signal 
(depending on the phase relationships), cause over- 
shoot, ringing, excessive radiation of the signal, and 
other undesirable effects. You can reduce these effects 
by terminating the line at the end remote from the 
source, with an impedance that combines with the 
destination input circuitry to present a load that more 
closely matches the characteristic impedance of the 
line. Board traces, for example, usually have character- 
istic impedances in the range from 50 to 2000. 

The characteristic impedance of printed-circuit back- 
plane conductors is also in the same range; however, the 
length of the conductors, or the use of twisted pairs or 
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coaxial cable instead of printed-circuit traces, may 
greatly change the backplane’s characteristic imped- 
ance. The number of boards that you plug into the 
backplane, as well as the slot position you plug a 
particular board into, can also affect the backplane’s 
impedance. 


Terminations introduce tradeoffs 


Terminations inevitably cost money, because they 
require extra components and power. For passive ter- 
minations, you may need drivers that deliver more 
current to the line. For active terminations, the extra 
power is dissipated by the termination components; 
some termination circuits may dissipate as much power 
as (or more power than) the logic circuits do. 

Remember that the need for line termination has 
very little to do with the fabrication technology of the 
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logic devices—the need depends on the edge rate and 
the amount of delay introduced by line-transmission 
affects. In general, you can assume that if the calcu- 
lated propagation delay in any line amounts to one-third 
or more of the pulse rise time, you need to terminate 
the line. If the delay is less than one-third of the rise 
time, you may be able to leave the line unterminated, 
provided that capacitive coupling between the traces 
doesn’t produce a crosstalk problem and that the input 
circuits of the destination devices can at least partially 
suppress ringing. 


Power consumption varies 

You can see from Fig 2 that power consumption is 
greatest (but varies least with frequency) for a 500, 
parallel termination (a resistor connected between the 
signal line and ground at the destination). Above 16 
MHz, series and ac methods of termination cause less 
power dissipation than do active terminations or unter- 
minated lines. However, when evaluating the suitability 
of each method within the context of your design, you'll 
have to consider the relative importance of factors other 
than power consumption, such as cost, output drive 
balancing, and switching margins. Table 1 summarizes 
the principal characteristics of five termination 
methods. 

Most designers prefer to avoid, whenever possible, 
the extra complications and cost introduced by termina- 
tions. Devices of the Fact family, when driving either 
bipolar or CMOS devices, will operate reliably with 
unterminated lines shorter than 8 in., provided that the 
line delay is less than one-third of the rise time. 

The Fact-to-Fact configuration has better noise im- 
munity than do unterminated-line configurations that 
employ other advanced CMOS devices, and it doesn’t 
increase power consumption, because the devices don’t 
introduce additional de impedances between the signal 
line and ground or Vcc. This approach is feasible in 
low-power applications that can tolerate some noise. 

Recent modifications to the Fact devices’ input struc- 
tures (the vendor removed the polysilicon input resistor 
and increased the power-handling capacity of the input 
diodes) allow the diodes to clamp the input signal to 1V 
above Vcc and 1V below ground. Some mismatch still 
exists between the characteristic impedance of the 
signal line and the input impedance of the receiver, but 
this mismatch is much smaller than that caused by the 
high-impedance input structures found in older CMOS 
devices. 

You'll find a vivid illustration of transmission-line 
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509 PARALLEL ooo 
a NO TERMINATION 


FREQUENCY (MHz) 


Fig 2—These current-vs-frequency curves show that series termi- 
nation dissipates less power than does any other termination method. 
At low frequencies, unterminated lines are also economical, but they 
become less satisfactory at frequencies above 16 MHz. 


effects in Fig 3a. The solid waveform shows the output 
of a Fact device that is driving a 3-ft length of coaxial 
cable with nothing connected to the remote end. The 
discontinuity at the open end of the cable causes 
reflections that propagate back and forth over the 
cable. Some overshoot exists at the driver end, but the 
driver’s output clamping diodes attempt to suppress 
this overshoot and the subsequent ringing on the line. 
At the open end of the cable, however, the reflections 
reinforce each other and nearly double the amount of 
overshoot. 

Fig 3b shows the effect of connecting a Fact device to 
the formerly open end of the cable. The impedance 
mismatch between the devices and the cable still causes 
some overshoot, but the clamping diodes in both the 
driver’s output circuitry and the receiver’s input circuit- 
ry reduce the overshoot amplitude and quickly suppress 
the subsequent ringing. These clamping diodes allow 
the Fact-to-Fact connection to be used reliably on 
unterminated lines of any length. 


Simple parallel terminations 


The parallel-termination technique (Fig 3c) consists 
of connecting a resistor from the signal line to ground 
at the destination end of the line. This technique can 
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If the propagation delay of a line tis one- 
third or more of the pulse rise time, you 
should terminate the line to avoid ringing. 


5 nSEC/DIV 


10 nSEC/DIV 
DRVR 


3-FT COAX 3-FT COAX 
OPEN END 


(a) (b) 
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50 nSEC/DIV 


A 
i 


RVR RCVR 


PC BOARDS IN 
BACKPLANE 
CONNECTORS 


ONE LINE OF 
BACKPLANE BUS 


ACTIVE 
TERMINATOR 


ACTIVE 
TERMINATOR 


(i) 


Fig 3—These waveforms show the operation of various termination methods. An open circuit at one end of a transmission line (a) produces 
strong reflections because of the impedance mismatch. By using Fact devices at both ends of the line (b), you can control overshoot and ringing. 
A parallel termination (c) yields a clean waveform at the receiving end but dissipates signal power; the Thevenin method (d) is equally clean 
hut consumes even more power. A series termination (e) dissipates very little power, and you can tune it easily to match the line. An ac 
termination (f) is effective at low frequencies and provides an ac ground; however, it is frequency-sensitive, as shown by the waveforms 
measured at 2.5 MHz (g) and 25 MHz (h). Active terminations (i) can handle long lines and maintain constant signal levels along the entire 


length of a line. 


dissipate as much as % to %#W, because the resistor 
value must be in the range from 50 to 2000 in order to 
match the characteristic impedance of the line. This 
extra power dissipation in the terminations is small 
compared to the total power consumption of bipolar 
devices. However, because a CMOS system consumes 
only a few milliwatts of power, and because the termi- 
nations may dissipate more power than do the driver or 
receiver devices they’re connected to, the extra drain is 
significant, especially if the system is battery driven. 
The parallel-termination technique is useful mainly in 
circuits that contain a mixture of bipolar and advanced- 
CMOS devices, or circuits in which you're replacing 
bipolar devices with equivalent CMOS devices in order 
to reduce overall system power consumption. Power 
consumption is a function of signal duty cycle; connect- 
ing the resistor to ground will give the lowest power 
consumption for low duty cycles, and terminating to 
Vcc will give the lowest power consumption for high 
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duty cycle signals. Terminating to Vcc may not allow 
valid Vy, levels to be generated for bipolar inputs. 
Because the termination can very closely match the 
characteristic impedance of the line, it eliminates re- 
flections and improves noise immunity. Thus, the wave- 
form at the receiver input is an almost perfect image of 
the waveform at the driver output (Fig 3c). You can’t 
terminate line impedances of less than 1000 with their 
characteristic values because you’d exceed the absolute 
maximum de output current limit of 50 m/A. 


Thevenin technique suits CMOS/bipolar mix 


The Thevenin equivalent-circuit theorem has given 
rise to a termination technique that smoothes out 
power-dissipation variations between the high and low 
portions of the duty cycle. A Thevenin termination 
consists of one resistor connected from the line to 
ground and another resistor connected from the line to 
Vcc. Each resistor has a value that is twice the charac- 
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Parallel resistive terminations are the least 
frequency-sensitive type of termination, but 
they may dissipate more power than do 
CMOS logic devices. 


TABLE 1—CMOS TERMINATION COMPARISONS 


TERMINATION TYPE 


FEATURE | PARALLEL [THEVENIN | SERIES | AC | ACTIVE 


POWER HIGH HIGH LOW | MEDIUM | MEDIUM 

ADDED 1 2 1 2 1 
PARTS : 

ADDS NO NO YES NO NO 
DELAY 

RESISTOR Zo 2 xZo Zo—Zout Zo 2 xZo 
VALUE 

CAPACITOR 0 0 0 200 pF 0 
VALUE O 


teristic impedance of the line, so the combination close- 
ly matches the line impedance. 

If no logic devices were present, the line would sit at 
a potential halfway between Vcc and ground. When a 
logic device is driving the line, part of the required 
current is supplied by the resistors, so that the driver 
can supply less current than it would have to deliver to 
a parallel termination. You can adjust the resistor 
values to bias the line toward Vcc or toward ground, 
but the normal procedure is to make them equal to 
provide balanced operation. The Thevenin termination 
yields good overshoot suppression and noise immunity 
(Fig 3d). 

The power dissipation of Thevenin terminations 
makes them best suited to bipolar or mixed bipolar/ 
CMOS systems. In all-CMOS systems, this termination 
method may cause problems for several reasons. First, 
CMOS input circuits have very high impedances to 
ground and V¢c, and their switching threshold is 50% of 
the supply voltage. Balancing the input signal around 
the 50% threshold causes greater levels of power dissi- 
pation within the devices. Second, if the source end of a 
Thevenin-terminated line becomes disconnected from 
the signal source, the termination pulls the input level 
toward the threshold, thereby causing the receiver to 
dissipate even more power, because of the soft-turn-on 
characteristic of the input transistors. Additionally, 
multiple input crossings may occur, creating output 
oscillation or other anomalies. Finally, the power dissi- 
pated in the termination resistors may be unacceptably 
high in relation to the total power consumption of all the 
CMOS devices on the board. 

Most makers of advanced CMOS devices recommend 
series termination for CMOS-CMOS connections, be- 
cause this technique introduces no extra impedance 
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from signal line to ground. A series termination con- 
sists of a resistor connected between the driver-output 
terminal and the line; the resistor value should be equal 
to the characteristic impedance of the line minus the 
output impedance of the driver. For circuits using Fact 
devices, the series termination increases the impedance 
presented to the output drivers; therefore, the drivers 
dissipate less power than they would without the termi- 
nation. 

The waveforms for series termination (Fig 3e) are 
more complex than those for the previously described 
techniques. The solid waveform represents the wave- 
form at the driver’s output terminal. The termination 
resistor and the characteristic impedance of the line 
combine to form a voltage divider that attenuates the 
transmitted signal (the dotted waveform). At the re- 
ceiving end, however, the mismatch between the line 
impedance and the high impedance of the input circuit- 
ry causes self-reinforcing reflections that restore the 
received signal (the dashed waveform) to the level of 
the source. The clamping diodes of the Fact devices’ 
input circuitry prevent excessive overshoot and ringing. 

You'll note a distinct step in the (dotted) waveform 
that appears at the junction of the terminating resistor 
and the line; the signal at this point does not reach its 
full amplitude until it’s reinforced by a reflection from 
the far end of the line. You may need to adjust the 
resistor value so that the half-amplitude signal is either 
well above or below the switching threshold of any 
receiving device located close to the driver. To ensure 
proper input levels at these receivers, you should take 
into account the delay for reinforcing reflections to 
arrive (twice the propagation delay of the line). 

The great advantage of the series technique (apart 
from its reduction of power consumption) is its flexibili- 
ty; you can adjust the received signal amplitude to 
match the switching threshold of the receiver merely by 
changing the value of the terminating resistor. For this 
reason, the technique is particularly useful if you need 
to interconnect the logic devices with long lines. 


AC termination provides an ac ground 
Most ac terminations consist of a resistor and a 


capacitor connected in series from the line to ground. 


Their action is similar to that of parallel terminations, 
except that in ac terminations the capacitor blocks the 
de component of the signal (and thereby reduces power 
dissipation), while still providing an ac ground for the 
impedance-matching resistor. AC terminations are con- 
venient for designs that can’t tolerate the high power 
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are from HP 


The first hermetic optocouplers 


certified to MILSTD-1772 


When y 
need hermetic uplers, 
consider HP your primary source. 
We are the first company to get U.S. 
Government approval for our hybrid 
optocoupler manufacturing line. Our 
entire family of 8- and 16-pin hermetic 
optocouplers has been line certified 
to meet the new tough DESC require- 
ments (MIL-STD-1772) for hybrid 
devices. 


But that’s only half of it. 
We deliver high reliability perfor- 
mance with carefully engineered fea- 
tures that make your products stand 
out from the competition: high speed 
logic gates with data rates up to 13 
MBad; Darlington amplifier detector 
circuits with a current transfer ratio of 
up to 1,500%; a unique logic interface 
with either AC or DC input for voltage 
or current sensing. 

If you would like to know more 
about how to get HP hermetic opto- 
couplers, date-coded to reflect their 
line certification, just circle the reader 
service number on the reply card in 
this magazine. 


To order, contact your nearest HP distributor. In the U.S.: Almac Electronics, Hall-Mark, Hamilton/ 


Avnet, or Schweber. In Canada: Hamilton/Avnet or Zentronics Ltd. 
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U, 


AC terminations are convenient for designs 
that can’t tolerate high power dissipation or 
delays. 


dissipation of a parallel termination or the delays cre- 
ated by a series termination. 

The waveforms for an ac termination (Fig 3f) show 
that, after the initial edge of the pulse, the driver signal 
rises slowly as the capacitor charges toward Vcc. The 
effect is less pronounced in the received signal. 

To calculate the optimum RC time constant of the 
termination network, start with a resistor whose value 
is equal to or slightly larger than the characteristic line 
impedance. Take care when determining the value of 
the capacitor. If the RC time constant is too small, the 
RC circuit will act as an edge generator and create 
over- and undershoots. Increasing the capacitor value 
reduces the over- and undershoot, but increases power 
consumption. As a general rule, the RC time constant 
should be greater than twice the line delay. 

When you calculate the power dissipation of an ac 
termination, remember that the power dissipation is a 
function of frequency. Remember, too, that the line 
itself possesses some distributed capacitance; you'll 
have to add the value of this capacitance to the value of 
the capacitor in the RC network. 

At low frequencies (relative to the time constant), the 
network capacitor completely charges and completely 
discharges during each cycle of the input signal (Fig 3g, 
trace B). The compensated signal that appears at the 
top of the resistor and drives the CMOS receiver is very 
square, with a small amount of undershoot on the 
trailing edge (Fig 3g, trace A). 

At high frequencies (relative to the time constant), 
the capacitor doesn’t have time to fully charge or fully 
discharge in each cycle, so it begins to integrate the 
waveform (Fig 3h, trace B). Because the ac termina- 
tion is so frequency-dependent, the duty cycle will also 
affect its operation. A narrow input pulse with a low 
repetition rate will affect the charging and discharging 
of the capacitor in the same way as will a pulse with a 
higher repetition rate but a longer duty cycle. In either 
case, the receiver will perceive only the square (com- 
pensated) signal and will switch as expected, with no 
adverse effects from the rounding or integration of the 
waveform as measured across the capacitor. 


Active terminations suit backplanes 


Active terminations consist of a resistor connected 
between the input and output of a buffer/driver (Fig 
31). They can be somewhat more costly than other types 
of termination if the buffer is not available; also, active 
terminations do not produce signals as clean as other 
termination schemes. They can handle larger imped- 
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ance variations, however, and this characteristic is 
valuable when you're driving a backplane with 3-state 
devices. It’s common to provide active terminations at 
both ends of a bus, because doing so helps to maintain 
uniform drive levels along the entire length of the bus, 
while at the same time reducing crosstalk (between 
adjacent traces) and ringing. Be sure, however, to use 
noninverting buffers as the terminating devices: If you 
connect a resistor between the output and input of an 
inverting buffer, you create a de path that will draw 
more power from the driving devices. EDN 
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FIRST WITH 


6Ons 256K DRAMS! 


Thanks to NMB Semiconductor, the future 
is suddenly now. With super-fast 256K 
Dynamic RAMS, having access times of just 
6Ons. Industry’s first! 


Our AAA2800 Series of FUTUREFAST™ DRAMS 
uses advanced CMOS technology for low 
power, wide operating margins, absolute 
reliability, and very high speed. In addition 
they have the flexibility of static column, 
enhanced page and nibble modes. 


This is great news for designers of advanced 
computers, graphics systems and digital sig nal 
processors, where fast access time is an 
absolute must. 


e 
i 


How did NMBS suddenly become a world 
leader in this field? By putting together an 
entirely new type of IC manufacturing facility 
which Business Week calls “possibly the 
world’s most sophisticated chip making plant.” 
Imagine, Class 1 clean rooms, computer- 
controlled production lines and remote 
controlled robots. 


High production? We’ve got it. In P-DIP, CER- 
DIP, PLCC and SIMM packages. Which means 
you can get your product to market faster. 


Phone or write for complete specs and appli- | 
cation data today. Prove to yourself that, with 
FUTUREFAST™, your future is now. 


*.,/§ ACCESS TIME 


The Production 


The Performance 


NMB SEMICONDUCTOR 


CORPORATION 


NIV 


11621 Monarch Street*Garden Grove, California 92641 
Telephone: (714) 897-6272 FAX: (714) 891-0895 *TLX: 67-8486 
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ASYSTANT+- ...Menu Driven 
Engineering And Scientific Software 


Brings ew Power To Your PC! 


Data acquisition, analysis, statistics and astounding graphics 
in one easy to use, integrated and affordable package. 


ASYSTANT + isa software package designed 
exclusively for engineers and scientists who 

use a PC as a personal productivity tool. It 
offers fully integrated data acquisition, 
data analysis and astounding graphic 
capabilities. 

This powerful software is menu driven to get 
you up and running immediately and provides 
an interactive and very clear help menu. 


Here are just a few of the powerful features: 
¢ A/D, D/A, Data Acquisition and Control 


¢ Full integration to eliminate program 
shuffling 


* Outstanding presentation quality graphics 
which easily outputs to plotters 

* Built-in, ready to run functions include FFT, 
smoothing, curvefitting, statistics, matrix 
and polynomial operations. .. and more 


ASYSTANT + has no equal, either in power 
or functionality. With this software the time 
consuming requirements of custom 
programming are eliminated. With this 
software you no longer have to settle for 
“business oriented spread sheets” or multiple 
programs from several sources. With this 


ASYSTANT + Ready-to-Run Scientific Software is a trademark of Macmillan Software Co. 
ASYSTANT + was developed by Adaptable Laboratory Software, PO. Box 18448, Rochester, NY 14618 


CIRCLE NO 151 


software you can unlock your engineering and 
scientific potential while expanding your 
productivity. 

ASYSTANT + is what engineering and 
scientific software is supposed to be... 
productive, powerful and capable of handling 


your toughest assignments. 
Best of all, it’s easy to install, easy to use 


and very affordable. 
Call us today for more detailed information. 


1-800-348-0033 NY-212-702-3241 


MACMILLAN 
SOFTWARE 


A division of Macmillan Publishing Company 
630 Third Avenue, New York, NY 10017 
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Basic program 


simplifies 


design of 


linear power supplies 


The Basic program presented here can 
spare you a lot of the math involved in 
designing linear power supplies. The pro- 
gram prompts you for design specs and then 
generates the parameters for a workable 
design. 


George Sayer, Consulting Engineer 


Although the techniques for linear-power-supply de- 
sign have gradually improved over the years, they still 
have one chief shortcoming—they require you to per- 
form major mathematical manipulations for each supply 
design or design change. The Basic program presented 
here can spare you the math. It asks you simple 
questions and then generates the parameters for a 
supply design. The program allows you to use standard 
off-the-shelf components, so there’s no need for you to 
perform any mathematical manipulations at all. 

Your first task in designing a power supply, as in any 
design, is to establish your objectives. For example, you 
want the supply to function properly under all operat- 
ing conditions. Such conditions will include high and 
low line voltages as well as varying temperatures. You 
need to keep in mind that the transformer’s electrical 
resistance and core losses will generate heat and that 
the regulator, the rectifiers, the surge resistor (if you 
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NOTES: 

1. INPUT SWITCHING, FUSING, 
AND OVERVOLTAGE PROTEC- 
TION ARE NOT SHOWN. 

2. OUTPUT DEVICES, INCLUD- 
ING REGULATORS, EXTRA FIL- 
TERING, AND REGULATOR- 
PROTECTIVE DEVICES ARE 


NOT SHOWN. 


Fig 1—The power-supply-design program can help you design 
full-wave-bridge (FWB) (a) and full-wave-center-tap (FWCT) (b) 
supplies, and you can adapt the program’s FWCT analysis to a dual 
complementary supply (DCS) (ce). 


use one), and the enclosure will also contribute to the 
heat rise. 

Besides being aware of electrical and temperature 
considerations, you need to take into account mechani- 
cal considerations (such as space for the supply) and 
shock and vibration problems. Finally, you must consid- 
er factors such as troubleshooting, the cost and ease of 
obtaining parts, the availability of alternate sources for 
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The program analyzes supply operation 
under Ingh and low line-voltage conditions 
while the transformer is at ambient and at 
peak temperatures. 


parts, and the parts’ reliability and compliance with 
safety standards. 

The power-supply design program in Listing 1 (pg 
241) analyzes supply operation under high and low 
line-voltage conditions while the transformer is at ambi- 
ent and at peak temperatures. Because it specifies 
off-the-shelf components, the program also partially 
solves the problems of parts availability and alternate 
sources. 

The program compensates for regulation increase 
with temperature and for high and low line voltages. It 
is written in GW-Basic, version 2.02, which ean run on 
many microprocessors. Its performance relies on two 
assumptions—the transformer regulation spec is a 
room-temperature figure (no warmup), and the leakage 
inductance in the transformer and series loss in the 


filter capacitor are negligible. 

You can use the program in Listing 1 to design 
full-wave-bridge (FWB) and full-wave-center- -tap 
(FWCT) supplies, and you can adapt the program’s 
F'WCT analysis to a dual complementary supply (DCS) 
(Fig 1). The program uses the diode count, D, to 
compensate for differences between the FWCT and 
FWB circuits. K, the ratio of the transformer output 
resistance in the actual circuit to the output resistance 
in the manufacturer’s test circuit, compensates for 
output-resistance modifications in fhe FWCT circuit. 

The program begins by asking you to enter the 
transformer’s nominal input voltage specification 
(110V, 115V, 117V, 120V, 230V, etc). Next, you define 
worst-case high- ime and low- ine voltages. Then you 
enter the line frequency. If your supply is intended for 


Glossary of program a variables 


The following is a list of the var- 
iables used in the power-supply 


design program in Listing 1. 
CMIN: Min permissible filter ca- 
pacity (program derived) — 

D: Number of rectifiers (2 for 2 


-FWCT designs; 4 for FWB de- 
signs) 


DBMNR: The regulator’s min © 
ripple attenuation ee 
er’s data) 

FRQ:Nominal line frequency 
(usually 50 or 60 Hz.) 
HACC: Half-angle of current 
flow at ambient temperature _ 


(derived from program) 
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HACH: Half-angle of current. 
flow at full temperature rise (de- 
rived from program) 


ICRMS: RMS capacitor current 2 


(derived from program) 
IDC: Full load current required 
by the application 

IDCL: Regulator current limit 


specification (derived from pro- _ 


gram) 


IDPR: Repetitive peak poe oe. : 
current (derived from program) 


IDRMS: RMS value of diode 
current (derived from program) 


IINRSH: Max inrush current 
(derived from program) 
IINRSHA: Max inrush current 
ou (derived from pro- | 
gram) — 
I1N (ete): Points on rectifier — 
curves : 2 
IS1: Suggested current of rane 
former’s secondary winding (de- 
rived from program) 

ITC: RMS transformer current 


at ambient temperature (derived 


from program) — 
ITH: RMS francformer murrene 


_at full temperature rise See 
from program) 


ITHA: Adjusted RMS trans- 
former current at full tempera- 
ture rise (derived from program) 
ITRTD: Actual rated current. 


tised in program for transform- 


er’s secondary windings (derived 
from program) 


_ITRTD1: Actual rated cuirtent 
for transformer’s secondary 


winding (manufacturer’s data) — 
ITRDT2: Adjusted ITRTD1 (de- 


rived from program) 


I1X(ete): Points on rectifier 


curves 


= K: Ratio of the transformer out- 
put resistance used to the out- 


put resistance in the configura- 


_ tion the manufacturer specifies 
_ (derived from program) 

___N: Number of passes through a 
‘subroutine in the program 


NRGNC: Estimated new trans- 


_ former regulation to lower in- 


rush current 

PD: Individual rectifier power 
dissipation (derived from pro- 
gram) 

PRGMX: Max regulator power 


dissipation (derived from pro- 


gram) 

PRSRGP: Power dissipated in 
surge resistor (derived from pro- 
gram) 

PTPRS: Predicted transformer 
temperature rise (derived from 
program) 


RDFA: Rectifier forward resis- 


tance (derived from program) 


RECT1: Rectifier constant (de- 


rived from program) 
RECT2: Rectifier constant (de- 
rived from program) 
RECTS: Rectifier constant (de- 
rived from program) 
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an international market, you must evaluate the design 
at both 50 and 60 Hz. To proceed, you then enter the 
required full-load current value. 

At this point, the program determines the regula- 
tor’s minimum current limit. Using data-sheet informa- 
tion, you select a trial regulator and enter its maximum 
and minimum output voltages, its dropout voltage at 
the maximum expected load current (Ipc), and its 
minimum ripple attenuation. Next, you enter the allow- 
able peak-to-peak ripple voltage (in millivolts) at the 
regulator output. 

The program then displays the maximum filter-out- 
put ripple on the monitor; if the ripple is more than 20% 
of the output voltage, the program requests that you 
enter a lower output ripple voltage. The program’s 


math requires that the ripple be less than 20%, a 


RECT4: Rectifier constant (de- 
rived from program) 
RGNC: Transformer regulation 
at ambient temperature (derived 
from program) 

RGNC2: Transformer regulation 
at ambient temperature (manu- 


program) 


program) © 


_age drop (derived from program) 
VDMN: Min rectifier voltage _ 
drop with IDPR (derived from 


VDMNR: Min allowed rectifier 
reverse voltage (derived from 


reasonable figure for optimum supply performance. 

The program then asks you to define the type of 
rectification (FWB or FWCT) by entering either 4 or 2, 
respectively. These numbers establish the rectifier 
count. The program then asks if you’ll be using 1N4001 
diodes. If the answer is yes, the program automatically 
enters the values for RECT1 through RECT4. If the 
answer is no, the program branches to a routine that 
asks you to specify a rectifier type and to enter some 
points on the rectifier’s maximum and minimum cur- 
rent-vs-voltage curves. The program then determines 
the values of RECT1 through RECT4 and returns from 
the routine. 

At this point, the program approximates the trans- 
former’s output-voltage requirements, and it inquires 
whether the transformer will have one or two secon- 


~ VROM: Max regulator output 
voltage (manufacturer’s data) 
VTR: Voltage of transformer’s 

- secondary winding (obtained 

_ from a heuristic formula, derived 
from program) 
VTRS: Suggested voltage for 


facturer’s data) 

RGNH: Transformer regulation 
at TPRS (derived from program) 
RIP: Max allowed filter output 
ripple (derived from program) 
RIPA: RIP rounded to two deci- 
mal places (derived from program) 
RIPO: Allowable regulator p-p 
ripple output (derived from pro- 
gram) 

RIPOM: Allowable regulator p-p 
ripple output in millivolts 
RSRG: Surge resistor in trans- 
former secondary (derived from 
program) 

RSRGP: RSRG moved to trans- | 
former primary (derived from _ 
program) 

S: Number of transformer secon- 
daries (manufacturer’s data) 
TPRS: Transformer tempera- | 
ture rise (manufacturer’s data) 
VDFEA: Effective rectifier volt- 
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-VHL: Highest ne voltage ex- 
- pected in the application 
-VLL: Lowest line voltage ex- 
pected in the application 
V1N(etc): Points on rectifier 
curves 

-VNL: Nominal eransformer 
input voltage (manufacturer’s 
data) 


~VDMX: Max rectifier voltage 
drop with IDPR (derived from 


program) | 
VFLMN: Min full-load filter at 


put voltage (derived from pro- 
- gram) 
~VFLMX: Max fall-load filter | 


output voltage (derived from 
program) 


VNLMX: Max reload filter out- 
put voltage (derived from pro- 
gram) 


VR: Max regulator peut an 
age at Ipc (manufacturer’s data) 


transformer’s secondary winding 
(derived from program) 

VTRTDC: Rated voltage used in 
program for transformer’s secon- 


_ dary winding (derived from pro- 
- gram) 


VTRTDC1: Actual rated voltage 
of transformer’s secondary wind- 


_ ing (manufacturer’s data) 
— VTRTDC2: Rated voltage of 


transformer’s secondary winding 
at ambient temperature (derived 
from program) 

VTRTDH: Rated voltage of 
transformer’s secondary winding 
at full temperature rise (derived 


from program) 


V1X(ete): Points on rectifier 
curves | 

XC: Variable used to determine 
HACC (derived from program) 
XH: Variable used to determine 
HACH (derived from program) 
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You can use the program to design full- 
wave-bridge (FWB), full-wave-center-tap 
(FWCT), and DCS or center-tapped- 
bridge supplies. 


dary windings (power-supply transformers usually have 
two secondary windings). After a few more internal 
calculations, the program displays the suggested volt- 
age and current for the transformer’s secondary wind- 
ings and asks you to choose a transformer from manu- 
facturers’ catalogs. The program then asks for the 
actual voltage and current ratings of the selected part’s 
secondary windings. The program assumes that when 
you choose from a list of transformers with two secon- 
dary windings (S=2), the manufacturer’s test circuit 
has the two secondaries in parallel. 

For further computations, the program adjusts the 
voltage and current values according to the number of 
secondary windings and rectifiers. The program then 
requests the transformer’s temperature rise at full load 


and the transformer’s regulation. After receiving that 
information, the program computes many of the re- 
quired output values, including the maximum inrush 
current. If the inrush current is too high for the 
selected rectifiers, the program requests a higher value 
of regulation and determines a corresponding surge- 
resistor value. The program then recomputes all the 
main output values and displays a new inrush current. 
You repeat this sequence until you have an acceptable 
inrush-current value. 

The program then asks you to ready the printer. It 
prints your inputs first (in the order entered) and then 
prints the names of the components. Next, it prints all 
the output values. If VFLMN (the minimum full-load 
filter output voltage) is less than VROM+VR (the 


INPUTS 

VNL= 115 VHL= 152 VLL= 95 FRQ= 62 Tote .5 

VROM= 5.2 VROMN= 4.8 VR= 2 DBMNR= 62 RIPO= .0004 
OIODES= 2 SCNDRS.= 2 VTIRTOC1= 8 ITRTD1= 1.6 TPRS= 46 

RGNC2= .21 REGLTR= LM78@SC RECTFRS= 1N4001 SERIES DIODES 


XFMR= TRIAD-UTRAD FS16-800 
OUTPUTS 


TRANSFORMER CURRENT AT REQUIRED FULL LOAD, AC AMPS = .82 
MAXIMUM ALLOWABLE CURRENT OUTPUT (WHEN LOAD INCREASED SO THAT 


TRANSFORMER LOAD = LOAD AT FULL TEMP. RISE), DC AMPS = .86 
MINIMUM CAPACITY OF FILTER CAPACITOR, MICROFARADS = 480Q 
RMS CAPACITOR CURRENT, AMPS = .68 
MAX. NO LOAD FILTER OUTPUT VOLTAGE, VOLTS = 15.5 
MAX. FULL LOAD FILTER OUTPUT VOLTAGE, VOLTS = 11.7 
MIN. FULL LOAD FILTER OUTPUT VOLTAGE, VOLTS = 7.3 
MAX. REGULATOR POWER DISSIPATION, WATTS = 3.3 
INDIVIDUAL RECTIFIER POWER DISSIPATION, WATTS = .27 
MINIMUM RECTIFIER REVERSE VOLTAGE, VOLTS = 31 
MAX. INRUSH CURRENT, AMPS = 9 
REPETITIVE PEAK RECTIFIER CURRENT, AMPS = 1.8 
SURGE RESISTOR (IF IN XFRMR PRIMARY), OHMS = Q 
POWER DISSIPATED IN SURGE RESISTOR, WATTS = Q 
(a) PREDICTED TRANSFORMER TEMPERATURE RISE, DEG C = 31 
INPUTS 
VNL= 115 VHL= 130 VLL= 95 FRQ= 60 IDC= .§ 
VROM= 5.2 VROMN= 4.8 VR= 2 DBMNR= 62 RIPO= .0004 
DIODES= 4 SCNDRS.= 2 VIRTDC1= 8 ITRTO1= 1.6 TPRS= 46 
RGNC2= .21 REGLTR= LM78@5C RECTFRS= 1N4001 SERIES DIODES 


XFMR= TRIAD-UTRAD FS16-800 
OUTPUTS 


TRANSFORMER CURRENT AT REQUIRED FULL LOAD, AC AMPS = .88 
MAXIMUM ALLOWABLE CURRENT OUTPUT (WHEN LOAD INCREASED SO THAT 


TRANSFORMER LOAD = LOAD AT FULL TEMP. RISE), DC AMPS = 
MINIMUM CAPACITY OF FILTER CAPACITOR, MICROFARADS = 
RMS CAPACITOR CURRENT, AMPS = .76 

MAX. NO LOAD FILTER OUTPUT VOLTAGE, VOLTS = 
FULL LOAD FILTER OUTPUT VOLTAGE 
MIN. FULL LOAD FILTER OUTPUT VOLTAGE, VOLTS = 
THIS REQUIRES EITHER LESS ALLOWABLE 


MAX. 


VFLMN « (URQM+UR). 


1.01 
5300 


Lo.3 
i ec 
Buf 


» VOLTS = 


(b)  ouTPUT RIPPLE OR HIGHER TRANSFORMER VOLTAGE, OR BOTH. 


Fig 2—These program outputs give the parameters for a successful design of a 5V/0.5A supply. The output in (a) gives the values for an 
FWCT-type design. The output for the FWB design (b) reports that the extra diodes cause low regulator input voltage under low line-voltage 


conditions. 
an ee 
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maximum regulator output voltage plus the maximum 
regulator dropout voltage at Ipc), the program gener- 
ates the message: “VFLMN<(VROM+VR); this re- 
quires either less allowable output ripple or higher 
transformer voltage, or both.” You must then check 
each of the output values against the component specifi- 
cations to make sure you’ve chosen acceptable compo- 
nents. Fig 2 gives samples of the program’s output for a 
5V/0.5A supply. 

In addition to helping you design FWCT and FWB 
circuits, the program can accommodate a third circuit— 
the dual complementary supply (DCS), also known as 
the center-tapped bridge. The DCS is a popular circuit 
for applications that require positive and negative volt- 
ages. The most useful design approach to the DCS is to 
program as if you have two FWCT supplies in parallel. 
You simply add the load currents and then analyze the 
supply as a single FWCT circuit. You should then 
proportion the capacitor sizes according to the load 
current. For example, if the program provides 1000 wF 
and one supply current is 0.1A and the other is 0.3A, 
the corresponding capacitor sizes should be 250 pF and 
750 pF. The capacitor voltages and ripple voltages do 
not change. The regulator power dissipations will be 
proportional to the load current and should be divided 
as the capacitor values are. EDN 
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Article Interest Quotient (Circle One) 
High 482 Medium 483 Low 484 


LISTING 1 


PRINT 
PRINT * 
PRINT © 
PRINT 3 
PRINT ~ 


COMPONENTS, 


ee eee eee ee eee ee ee ee ee ee 
LINEAR FULL WAVE REGULATED POWER" 
SUPPLY DESIGN WITH OFF-THE-SHELF" 

FOR USE WITH GW-BASIC" 

BY GEORGE SAYER - 8-25-86" 


PRINT "ERE REE E RR EREEHERERERRE RHR E RHEE SO PRINT 
INPUT "NOMINAL TRANSFORMER INPUT VOLTAGE (EG. 115,120,230), 
INPUT "HI-LINE VOLTAGE (EG. 130, 25@), VOLTS"; VHL 
INPUT "LO-LINE VOLTAGE (EG. 95, 190), VOLTS"; VLL:PRINT 
100 INPUT "LINE FREQUENCY (EG. 5@, 60)"; FRQ:PRINT 
11@ INPUT “REQUIRED FULL LOAD CURRENT, AMPS “; IDC:PRINT 
12@ IDCL=IDC/.65: IDCL=IDCL*100: IDCL=CINT( IDCL ): IDCL=IDCL/100 
130 PRINT "CHOOSE REGULATOR WITH CURRENT LIMITING (AMPS )=";IDCL; “OR GREATER":PRI 
NT: INPUT "REGULATOR CHOSEN ";RGS:PRINT 
140 INPUT "MAX. REGULATOR OUTPUT VOLTAGE (NOMINAL + TOLERANCE), VOLTS “i VROM 
15Q INPUT "MIN. REGULATOR QUTPUT VOLTAGE (NOMINAL - TOLERANCE), VOLTS “; VROMN 
16Q INPUT "MAX. REGULATOR DROPOUT VOLTAGE AT MAX. LOAD, VOLTS"; VR:PRINT 
17@ INPUT "“REGULATOR’S MIN. RIPPLE ATTENUATION, DB "i; DBMNR 
18Q@ INPUT “ALLOWABLE P-P RIPPLE AT REGULATOR OUTPUT, MILLIVOLTS 
19@ RIPO=RIPOM/1000 
20@ RIP = RIPO#*(10%( DBMNR/2Q)) 


VOLTS": UNL 


"; RIPOM 


Listing continued on pg 242 


EDN September 17, 1987 241 


3@6 
308 
ES" 
310 
320 
ee 

330 
342 
350 
360 
370 
39@ 
400 
410 
420 
4350 


LISTING 1 (Continued) 


RIPA=RIP*100:RIPA=CINT(RIPA):RIPA=RIPA/100 

PRINT "MAX. FILTER OUTPUT RIPPLE, VOLTS P-P = ";RIPA:PRINT 

IF RIP>.2*(VROM+VR) THEN 24@ ELSE 270 

PRINT “RIPPLE OVER 20% REGULATOR MIN. INPUT VOLTAGE. " 

PRINT “REDUCE ALLOWABLE P-P RIPPLE AT REGULATOR OUTPUT." 

GOTO 18@ 

PRINT “DECIDE ON FWB OR FWCT CONNECTION. (SUGGEST FWB WITH > 9.5 VOLT" 
PRINT “OUTPUT AND FWCT UNDER THAT. )":PRINT 

INPUT "NUMBER OF INDIVIDUAL SILICON RECTIFIERS (4 FOR FWB AND 2 FOR FWCT)"; 


IF (D<>4) AND (D<>2) THEN 292 

PRINT: INPUT "DO YOU INTEND TO USE 1N4QQ1 SERIES RECTIFIERS, YES OR NO";R$ 
IF (R$<>"YES") AND (R$<>"NO") THEN 302 

IF (RG="YES") THEN 308 ELSE 1430 

RECT1=. 0695: RECT2=8650000! : RECT3=. 0695: RECT4=99900! :DX$=" 1N4001 SERIES DIOD 


VTR = VNL/VLL/1.414/.9*#( VROM+UR+RIP+D/1.6):PRINT 
INPUT "WILL TRANSFORMER HAVE ONE OR TWO SECONDARIES (1 FOR ONE, 2 FOR Two) " 


IF (S<>1) AND (S<>2) THEN 320 

RSRG = Q 

IF S=1 AND D=2 THEN 360 ELSE 370 

IS1=IDC: VTRS=2*VTR: GOTO 392 

IS1=2*IDC: VTRS=VTR 

VTRS=CINT(VTRS ) 

PRINT “SUGGESTED TRANSFORMER SECONDARY VOLTAGE = "; VTRS: PRINT 

PRINT “SUGGESTED TRANSFMR. SECNORY. CURRENT (TOTAL IF 2 SECONDARIES )= "; IS] 
PRINT:PRINT “CHOOSE A TRANSFORMER FROM MANUFACTURER'S CATALOGS WITH "; § 
PRINT "“SECONDARIES AND CLOSE TO SUGGESTED SECNDRY. CURRENT AND VOLTAGE": INPU 


T “TRANSFORMER CHOSEN "; TS 


440 
450 


460 


PRINT: INPUT "ACTUAL TRANSFORMER RATED SECONDARY VOLTAGE, VOLTS"; VTRTDC1 
IF S=1 AND D=2 THEN VIRTOC2 = .S*VTRTDC1 ELSE VTRTDC2 = VTRTDC1: PRINT 


INPUT “ACTUAL TRANSFORMER RATED SECONDARY CURRENT (TOTAL IP. 2 SECS. 2, AMPS"; 


ITRTD1:PRINT 


472 
480 
492 


AL": 


500 
51 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 


242 


IF S=1 AND D=2 THEN ITRTD2=2*ITRTD1 ELSE ITRTD2=ITRTD1 

INPUT "“TRNSFMR. TEMP. RISE, DEG. C"; TPRS: PRINT 

INPUT “TRNSFMR. RATED REGULATION (IF 2? SECS., WHEN IN PARALLEL), COLD, DECIM 
RGNC2 

IF S=2 AND D=2 THEN K=1.5 ELSE K=1: IF S=] AND D=2 THEN K=.375 

N=@: RGNC=RGNC2: VTRTDC=VTRTDC2: ITRTD=ITRTDZ 

RGNH = 1/((1+1/RGNC)/( .00393*TPRS+1 )-1 ) 

VTIRTDH = VTRTDC#*(RGNC+! )/(RGNH+1 ) 

XC = K*RGNC/(RGNC+1 )*IDC/ITRTD 

XH = K*RGNH/(RGNH+1 )*IDC/ITRTD 

HACC = 1.494#(XC*.333)+.111*XC 

HACH = 1.494#(XH*.333)+.111*XH 

ITC = 1.37*#IPC/( HACC’ .S) 

ITH = 1.37*IDC/(HACH*.5) 

CMIN = IDC#(.5-HACC/3.1416)/(FRQ*RIP) 

ICRMS = (¢€ITC*2)-(1DC*2))*.5 

VNLMX = 1.414*#VHL/VNL*VUTRTDC#*(RGNCH1) 

IDPR = 2.36*IDC/HACC 

VDMX= RECT1*LOG(RECT2*IDPR) 

VOMN= RECT3*LOG(RECT4#IDPR ) 

VDFA RECT1#(2*LOG(RECT2*1.S5*IDC )-LOG( RECT2*3*IDC)) 

RDFA »-667*RECT1*(LOG(RECT2*3*IDC )-LOG(RECT2*1.5*IDC))/IDC 
IDRMS = .S#*(ICRMS*2+IDC*2)*.5 

VFLMX = VNLMX*COS( HACC )-VDMN*D/2+RIP/?2 

VFLMN = VLL/VHL*VNLMX*COS( HACH )-VDMX*D/2-RIP/2 

PRGMX = (VFLMX-RIP/2-VROMN )*IDC 

PD = VDFA*IDC/2+IDRMS*2*RDFA 

IINRSH = (VNLMX-D/2*VDMN )/(RGNC*#K*VTRTDC/ITRTD+RDFA*D/2 ) 
IDCMAX = .87/K*.4*( (RGNH/(RGNH+1 ))*.2)*ITRTD: PRINT 
ITINRSHA=CINT( IINRSH) 

PRINT “MAX. INRUSH CURRENT, AMPS = “; IINRSHA 

INPUT “CAN RECTIFIERS HANDLE THIS INRUSH CURRENT (YES OR NO)"; AS 
IF (AS<>"YES") AND (AS<>"NO") THEN 77Q 

IF (AS="YES") THEN 93@ ELSE 800 

N=N+] 

IF N=2 THEN 820 ELSE 850 

PRINT:PRINT “NOTE: PROGRAM RETURNS TO ORIGINAL CONDITION OF NO" 
PRINT “SURGE RESISTOR. LAST NEW REGULATION WAS"; NRGNC:PRINT 
GOTO 510 


tow 
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PHILIPS 


PHILIPS 


Looking for total 
68000 development efficiency? 


PRST © MEARS UR EMEA ET eee pee Ares eee 


Then look to one of the world’s lead- 
ing suppliers of the 68000 micropro- 
cessor and peripheral chips: Philips — 
parent company of Signetics. 

We know all about the need for an 
efficient 68000 development envi- 
ronment. So we developeda high level : : wg 
language debugger that could work to .-< . * es 
your advantage too. 4 ' 

For example, you could debug your 
program as it runs in the target at the 
same level of ‘abstraction’ as the pro- 
gram was written e.g: C, PASCAL, or 
assembler. 

The result? Greater efficiency. Be- 
cause debugging becomes faster, 
easier, and less costly. Thus the end- 
product gets to the market quicker, 
and it’s much easier to maintain. eS 

Philips high level language debug- ie 
gers are integrated with a super- a 
friendly user interface, with window- 
ing software (and HELP facility) that al- 
lows the first-time user to become pro- 
ductive immediately. 

Moreover, as Philips is one of the 
world’s largest manufacturers anc 
users of microcontrollers, micropro- 
cessors and development tools, you 
will be looking to a single supplier that 
understands all your needs perfectly. 


Made to measure 


see 


Write to: Philips |1&E, T&M department, Building 

HKF 70, 5600 MD Eindhoven, The Netherlands orcall 

your local supplier: Austria (222) 629141; Belgium 

(2) 5256692/94; Denmark (1)57 2222; Finland 

(0) 5257225; France (1) 49428000; Germany 

(561) 5010; Great Britain (0223) 35 88 66; Ireland 

(1) 69 33 55; Italy (39) 36 35 240/8/9; Netherlands _ _ 
(40) 782808; Norway (2) 680200; Portugal _  —r—“‘“OCOr 
(1) 683121; Spain (1) 4042200; Sweden (8) =. 
7821800: Switzerland (1) 488 22 11 _ . 


Advanced technology 
made to measure 


LISTING 1 (Continued) 


850 PRINT: PRINT "TRNSFMR. REGULATION COLD, “;RGNC 

860 PRINT ", MUST BE INCREASED BY ADDITION OF SURGE RESISTOR" 

870 PRINT: INPUT “ESTIMATE NEW COLD REGULATION (SUGGEST 10% INCREMENTS)" :NRGNC 

880 PRINT:RSRG = (VTRTDC/ITRTD)*(NRGNC-RGNC )/(NRGNC#41 ) 

892 RGNC = NRGNC 

300 RGNH = (RGNH*VTRTDH+I TRTD*RSRG )/( UTRTDH-ITRTD*RSRG ) 

91@ VTRTOC = VTRTOC-ITRTD*RSRG 

92@ GOTO 530 

33@ YVOMNR = S.66*VHL/VNL#(RGNH+1 )*VUTRTOH/D 

340 RSRGP=RSRG*(UNL/( VTRTDC2*( RGNC241)))°2 

3S@ IF(D=2 AND S=1)THEN ITHA=.S*ITH ELSE ITHA=ITH 

36@ PTPRS = TPRS#*(.5+.5*(IDC/IDCMAX) 2) 

370 PRSRGP=RSRGP#( (1+RGNC2 )*VTRTOCL/YNL*ITHA) “2 

380 PRINT: PRINT "QUTPUT FOLLOWS": PRINT 

992 PRINT “SET UP PRINTER. 

10@@ INPUT “IS PRINTER READY (PRESS RETURN IF YES)"; 772 

1010 LPRINT fom Nb a “VHL="VHL, “VLL="i ULL, "FRO=";FRQ, “IDC="; IDC, “VROM="; VROM. 

“VROMN="5 VROMN, "VR=";UR, "DBMNR=";DBMNR, "RIFO=";RIPO 

1020 LPRINT “DIODES="50,"SCNDRS.="sS, “VTRTDC1=";VTRTDC1, “ITRTDL=";1TRTD1, “TPRS=" 

i TPRS, "RONCE=";RGNC2,"REGLTR= "i RG$,"RECTFRS= ";DX$,"XFMR= °;T$:LPRINT 

1050 ITHA=ITHA*10Q: ITHA=CINT( ITHA): ITHA=ITHA/1Q0 | 

1040 LPRINT “TRANSFORMER CURRENT AT REQUIRED FULL LOAD, AC AMPS ="; ITHA 

1050 IDCMAX=IDCMAX* 100: IOCMAX=CINT( IDCMAX ): IDCMAX=IDCMAX/ 100 

1060 LPRINT “MAXIMUM ALLOWABLE CURRENT OUTPUT (WHEN LOAD INCREASED so THAT " 

1070 LPRINT “TRANSFORMER LOAD = LOAD AT FULL TEMP. RISE), DC AMPS = °. IDCMAX 

1080 CMIN=CMIN*1@Q0Q:CMIN=CINT(CMIN):CMIN=CMIN#®10Q 

103@ LPRINT "MINIMUM CAPACITY OF FILTER CAPACITOR, MICROFARADS = "; CMIN 

1100 ICRMS=ICRMS*#100: ICRMS=CINT( ICRMS ): ICRMS=ICRMS/100 

1110 LPRINT “RMS CAPACITOR CURRENT, AMPS = “; ICRMS 

1120 UNLMX=VNLMX* 10: VNLMX=CINT( UNLMX ): UNLMX=UNLMX/ 1 

1130 LPRINT "MAX. NO LOAD FILTER OUTPUT VOLTAGE, VOLTS = *; VNLMX 

1140 VFLMX=VFLMX #10: VFLMX=CINT( VFLMX ): UFLMX=VFELMX/19 

1150 LPRINT "MAX. FULL LOAD FILTER OUTPUT VOLTAGE, VOLTS = " ; UFLMX 

116Q VFLMN=VFLMN*1Q:VFLMN=CINT( VFLMN ): VFLMN=VELMN/19 

1170 LPRINT "MIN. FULL LOAD FILTER OUTPUT VOLTAGE, VOLTS = "; VFLMN 

1180 IF VFLMN<(VROM+UR)THEN 1190 ELSE 1220 

119@ LPRINT "VFLMN < (VROM+UR). THIS REQUIRES EITHER LESS ALLOWABLE" 

1200 LPRINT "OUTPUT RIPPLE OR HIGHER TRANSFORMER VOLTAGE, OR BOTH." 

1210 GOTO 180 . 

1220 PRGMX=PRGMX #10: PRGMX=CINT( PRGMX ): PRGMX=PRGMX/19 

1250 LPRINT "MAX. REGULATOR POWER DISSIPATION, WATTS ="; PRGEMX 

1240 PD=100*PD:PD=CINT(PD):PD=PD/100 

1250 LPRINT "INDIVIDUAL RECTIFIER POWER DISSIPATION, WATTS ="; PD 

1260 VDMNR=CINT< VDMNR ) 

1270 LPRINT "MINIMUM RECTIFIER REVERSE VOLTAGE, VOLTS ="; UDMNR 

1280 IINRSH=CINT(IINRSH) 

1290 LPRINT "MAX. INRUSH CURRENT, AMPS ="; IINRSH 

1300 IDPR=IDPR*1@: IDPR=CINT( IDPR): IDPR=IDPR/1@Q 

1510 LPRINT “REPETITIVE PEAK RECTIFIER CURRENT, AMPS ="; IDPR 

1520 RSRGP=RSRGP*1@:RSRGP=CINT(RSRGP ): RSRGP=RSRGP/10 

1350 LPRINT “SURGE RESISTOR (IF IN XFRMR PRIMARY), OHMS ="; RSRGP 

1540 PRSRGP=100*PRSRGP : PRSRGP=CINT( PRSRGP ) : PRSRGP=PRSRGP/ 100 

1550 LPRINT “POWER DISSIPATED IN SURGE RESISTOR, WATTS ="; PRSRGP 

136Q PTPRS = CINT(PTPRS) 

1570 LPRINT “PREDICTED TRANSFORMER TEMPERATURE RISE, DEG C ="; PTPRS 

1580 INPUT "DO YOU WANT TO TRY ANOTHER TRANSFORMER (YES OR NO)": Bg 

1390 IF (BS<."YES") AND (BS<>"NO") THEN 1389 

140 IF (BS="YES") THEN 18@ ELSE 1410 

1410 PRINT “BE SURE TO CORRECTLY FUSE POWER SUPPLY AND CONFORM TO APPLICABLE” 

142@ PRINT "SAFETY SPECIFICATIONS (EG. UL1012).":END 

1400 PRINT: INPUT “TYPE RECTIFIER USED"; OX$:PRINT “FIND TWO POINTS ON VERTICAL PA 

RT OF RECTIFIER MAXIMUM I VS V CURVE WITH RATIO OF I1 TO I2, 1:10" 

PMG URINTC INPUT “I (AMPS )=";11X:INPUT "WL (VOLTS 3="; YIN: INCUT “LE -CAMPS ="; 12% 
A :ENPUT. “U2 (VOLTS )="; U2x 

1450 PRINT:PRINT “FIND TWO POINTS ON VERTICAL PART OF RECTIFIER MINIMUM I VS UC 

URVE WITH RATIO OF I1 TO 12, 1:10" 

1460 PRINT: INPUT “Il (AMPS)="; TIN: INPUT “V1 (VOLTS )="; VIN: INPUT “I? (AMPS)=°;12 

N: INPUT “V2 (VOLTS )=";V2N 

1470 RECTL=1/¢1/¢ V2X-VLX )*LOG(I2X/11X)) 

148@ RECT2=1/(11X#(2.718°-(ULX/( U2X-VLX 3 #LOGLI2X/I1X)3)) 

149Q RECT2=1/(1/4 V2N-VIN)#LOG(I2N/IIN) 3 

1508 RECT4=1/( T1N*(2.718°-(VIN/( V2N-VIN)*LOG(I2ZN/IIN)))) 

1518 GOTO 31@ 
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For Your Toughest Noise, DC, And Dynamic Error Problems 


Need ultra-low noise or bias current? 
High speed? Exceptional precision? 
Special packaging? Best performance/ 
price levels available anywhere? 


Burr-Brown has the solutions, and 
they’re backed by over 30 years of op 
amp design and manufacturing 
experience. Nobody else can make that 
statement, and nobody else makes 
parts as good as these: 


LL 
Ultra-Precision, Low Noise 2>-7ec °—OPAIII 


@ 8nV/.\/Hz max noise 
e +0.25mV max offset 
@ +1yV/°C max drift 


ee 
Precision, Wide-Band 72-7 —OPAG06 


e 35V/us slew rate 
e 13MHz bandwidth 


ss _...LLLU..........Ot!OOCO 
Low Noise Precision Bipolar—OPA27/37 
@ 3.8nV/,/Hz max input noise (1kHz) 


@ +25uV max offset (25°C) 


Drfer® Burr-Brown Corp. 


PETE SR IRA o: (Sh aT criti dh Ce Dn Ea 
Ultra-Low Bias Current 2>-/ec —OPAI28 


e +0.075pA max bias current (25°C) 
@ +0.5mV max offset (25°C) 
e —55/+125°C model 


Fast Video Buffer 22-7 —OPA633 


e 2500V/us slew rate 
e 275MHz bandwidth 
e HA-5033 pinout ...<= 

“S we 


CIRCLE NO 153 


Free Selection Guide, Application Notes 


Liriano 
Our new “Operational Amplifiers” guide 
contains key product specifications, 
pin-outs, and performance diagrams 
for our newest op amps, plus handy 
applications notes and examples. Ask 
your representative for a free copy, OF 
contact Burr-Brown Corp., P.O. Box 
11400, Tucson, AZ 85734. 602/746-1111. 


BURR -BROWN 


Improving Analog Productivity 


SHHHHHH. 


InV/\/Hz OPAMP AT WORK. 


2uV PER DIVISION 


A pe — = oo ae ena ee qunagaa 
| 0PO7 
| 
} | 
| 
Y \ + 


2 MSEC PER DIVISION 


The LT1028 is 12-times less noisy than the th 1s MILSTD 889 specication _ 
OP07, the standard for low-noise op ali TECHNOLOGY CORPORATION, 

a i 1 McCarthy Blvd., Milpitas, CA 
95035. 800-637-5545. 


TECHNOLOGY 


_ TOUGH PRODUCTS _ 
FOR TOUGH APPLICATIONS. 
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DESIGN IDEAS 


EDITED BY TARLTON FLEMING 


Direction detector doubles as decoder 


Tracy Allen 
EME Systems, Berkeley, CA 


Fig 1’s circuit, which was developed to monitor the 
traffic of bumblebees in and out of the hive, differenti- 
ates “a-to-b” motion from “b-to-a” motion. When used 
with an optical decoder, the circuit distinguishes clock- 
wise from counterclockwise rotation and provides a 
resolution of one output pulse per quadrature cycle. 
Although an earlier Design Idea achieves a resolution of 
four output pulses per quadrature cycle (“Improved 
tachometer eliminates backlash,” EDN, March 31, 
1987, pg 210), Fig 1’s circuit is simpler and less expen- 
sive. 

Q, and Q, are mounted so that a moving object first 
blocks one phototransistor, then both, then the other. 
Depending on the direction in which the object is 
moving, either IC, or IC,p emits a negative pulse when 
the moving object blocks the second sensor. An object 
can get as far as condition 3 (see Table 1) and retreat 
without producing an output pulse; that is, the circuit 
ignores any probing or jittery motion. (If an object gets 
as far as condition 4, however, a retreat will produce an 


IC1a 


TABLE 1—LOGIC STATES FOR a-TO-b MOTION 
(INTERCHANGE a AND b FOR b-TO-a MOTION) 


INTERMEDIATE 


CONDITION INPUTS VARIABLES OUTPUTS 
ay bi a2 Do a3 b3 aa bs 
1) NO PASSAGE Oo 0 1 1 
2) OBJECT BLOCKS a 1 1 4 
3) OBJECT BLOCKS a ANDb| 1 1 1 
4) OBJECT BLOCKS b 0 “To 
5) NO PASSAGE 0 1 1 


opposite-direction pulse. ) 

The time constants R;C; and RyC, set the output- 
pulse width. A 100-kQ/100-pF combination, for exam- 
ple, produces 10-ysec pulses. You select a value for 
pullup resistors R; and R,» from the 10k- to 100k-0 
range, according to the sensitivity your application 
requires. EDN 


To Vote For This Design, Circle No 746 
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VYaCD4093 


= 
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MOVING 
OBJECT 


NOTE: Qi AND Q2 ARE NPN 
PHOTOTRANSISTORS. 


Fig 1—Each output pulse from this circuit represents the direction of an object’s movement past the two phototransistors, Q: and Q». 
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Circuit selects single or multiple lines 


Bob Mostafapour 
General Motors Corp, Lansing, MI 


With switch S, in the normal position, the pushbutton- 
actuated circuit of Fig 1 latches a Q output high each 
time you depress the corresponding pushbutton. That 
Q output returns low when you depress another push- 
button (unless you continue pressing the first). 

Depressing a pushbutton applies 5V to one of IC.’s 
data inputs. At the same time, the corresponding 
470-pF capacitor and the resistor R, debounce the 
contact closure; these two components also differentiate 
the 5V step, which applies a positive pulse to the 
Latch-Enable input (pin 1).The pulse’s falling edge 
latches the data inputs (one high and the rest low, 
provided S, is in the normal position). 


S4 


‘selection. 


When §, is in the concurrent position, however, the 
circuit doesn’t clear the previously selected line, and 
you can latch as many lines as you want—provided you 
depress all the corresponding pushbuttons within 10 
seconds or so. If you let the output lines drive analog 
switches, for instance, this mode of operation can help 
you mix analog signals together or provide pushbutton 
control of an amplifier’s gain. 

Switching §, to the concurrent position places IC,’s 
outputs in the high-impedance state. Consequently, for 
each button you press, one of the ]-wF capacitors will 
charge to 5V, thereby retaining a memory of that 
EDN 
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NORMALLY OPEN 
PUSHBUTTON SWITCHES (8) 


IC2 
740373 


O CONCURRENT 


) 


NOTE: ALL RESISTORS ARE 2.2k. 


Fig 1—This pushbutton-actuated circuit latches any one output line exclusively when S, is in the normal position. When S, is in the 


concurrent position, the circuit will retain your previous selections and latch multiple lines. 
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tiny SPDT switch 


de to 4.6GHz... $3229 


Tough enough to pass stringent MIL-STD-202 
tests, useable from dc to 6GHz operation, and smaller than 
most RF switches, Mini-Circuits hermetically-sealed 
KSW-2-46 offers a new, unexplored horizon of applications. 
Unlike pin diode switches that become ineffective below 
1MHz, this GaAs switch can operate down to dc with control 
voltage as low as -SV, at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., 

the KSW-2-46 provides 50dB isolation (considerably higher 

than many larger units) and insertion loss of only 1dB. The 
surface-mount unit can be soldered to pc boards using conventional 
assembly techniques. The KSW-2-46, priced at only $32.95, 
is yet another example of components from Mini-Circuits 
with unbeatable price/ performance. 

Switch fast... to Mini-Circuits’ KSW-2-46 


SPECIFICATIONS 


FREQ. RANGE dc-4.6 GHz 
INSERT. LOSS (db) typ max 
dc-200MHz 0.9 1.1 
200-1000MHz 1.0 BS: 
1-4.6GHz Lo 1 
ISOLATION (dB) typ min 
dc-200MHz 60 50 
200-1000MHz 45 40 
1-4.6GHz 30 23 
VSWR (typ) 133 
SW. SPEED (nsec) 
rise or fall time 2(typ) 
MAX RF INPUT (dBm) 
up to SOOMHz +17 
finding new ways ... above 500MHz +27 
setting higher standards CONTROL VOLT. -8V on, OV off 
OPER/STOR TEMP. -50 to +100°C 


= Mini-Circuits PRICE $32.95 (1-24) 


A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11 235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 C117 REV.A 
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Standard logic provides interrupts for Z80 


Don Johnson 
Network Sciences Corp, Newport Beach, CA 


The circuit of Fig 1a implements vectored interrupts in 
a Z80-based system without requiring Z80-peripheral 
devices—a counter/timer circuit (CTC), for example, or 
a serial I/O (SIO) chip. First, configure the Z80 for 
mode 2 interrupt operation. In this mode, the pP 


IR7O -ol7 
IRg O 36 6 
—— 2 
IRs © O15 
_ 1 
INTERRUPT J IR4 © O14 ~=—s« 74LS148 
REQUESTS Jig, 13, 
IR2 e ye O 
IR; O au 1 
IRo O be O10 
is} 
O) 
lIORQO 
M1Q 


(a) 


LAST M CYCLE 


responds to a low level on its INT input by using the 
contents of its 8-bit I register to access a memory-based 
table of interrupt-handler addresses. (You must store 
this table on a modulo-256 address boundary.) During 
the interval when M1 and IORQ are low (Fig 1b), the 
interrupting device supplies an 8-bit vector that 
enables the »P to select an address from the table. 
As shown, Fig 1a supports eight interrupts. You can 


280 INTERRUPT 
SIGNAL 


U INT 


O D7 
O Dg 
O Ds 


DATA 
ODsf— Bus 
O Do 


O D; 
O Do 


OF INSTRUCTION - | ” M1 
LAST T STATE 1 


T2 TW TW T3 
280 
CLOCK 
INT 


lIORQ 


DATA 
BUS 


OUTPUT OF PRIORITY 
ENCODER LATCHED 


(b) 


| 
i 


LSBs OF INTERRUPT 
VECTOR ENABLED 
ONTO DATA BUS 


Fig I—This circuit handles as many as eight interrupts in a Z80-based system without using specialized peripheral devices (a). The timing 
diagram (b) shows that the interrupting device must identify itself by supplying an 8-bit vector while M1 and TORQ are low. 
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A full range of 


883/DESC/JAN qualified products... 
already proven in over 50 major programs. 


Zilog’s commitment to the military market has 
always been strong. Of course, the best proof of our 
ongoing focus is the performance of our top quality 
military standard micropro- 
cessors and peripherals— 
and the fact that we're 
already designed into more 
than 50 major military 
programs including F15, 
F16, PERSHING, HAWK, 
HARPOON and RAPIER. 


Support for 
professional standards- 
DESC, ADA software, 
JAN certification. 

Zilog’s compact, 
efficient, multi-processing, 
real-time ADA support offers 
the system features you 
need. We have the only 
validated compilers used in 
mission-critical systems, 
such as for flight control. sande 
And we’ve got full compli- 8442 SI0 
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Smooth integration for 8-, 16- and 32-bits. 
We protect your investment by offering a well 
thought-out migration path for our military micro- 


processor families. CMOS 
technology is now being 
introduced for all products, 
providing high radiation 
tolerance and the low power 
you need for assembling 
highly integrated, surface 
mounted systems. 


CMOS or NMOS — 
nobody’s better qualified 
than Zilog. 

We offer a full range 
of military standard micro- 
processors and peripherals — 
all off the shelf, and backed 
by Zilog’s proven quality 
and reliability. Want to 
know more? Send for our 
special Military Products 
issue of The Last Word, 
Zilog’s quarterly magazine. 
Better yet, contact your local 
Zilog sales office or your 
authorized distributor. 
Today. Zilog, Inc., 210 
Hacienda Ave., Campbell, CA 
95008, (408) 370-8000. 


Zilog 


an affiliate of 
EXON Corporation 
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increase this number to 16 by adding an LS00 gate and 
another 74LS148; the second 74LS148 uses the first 
74LS148’s E, input (pin 5, connected to ground in Fig 
la) as a chip-enable input. 

The interrupt signal from each interrupting device 
must go low and remain low until reset by the inter- 
rupt-handler subroutine. If the interrupting device 
generates a pulse instead of a level change, you must 
supply an edge-triggered flip-flop to capture and retain 


the interrupt signal. Listing 1 contains assembly-code 
fragments for initializing the Z80’s I register, for enter- 
ing and exiting from the interrupt-handler subroutines, 
and for setting up the interrupt-handler address table. 

EDN 
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LISTING 1—CODE FRAGMENTS FOR INTERRUPT SYSTEM 


.Z280 

TITLE Z80 INTERRUPT MODE 2 DEMO 

ASEG 

ORG 0 : Start at address 0 


| Register initialization 


LD A,HIGH VECTORS ; get msb bits of vector table address 


LD LA ; load | register 
IM 2 ; enable interrupt mode 2 
El ; enable interrupts 


; the rest of the non-interrupt handler code follows 


;----- typical interrupt handler entry and exit code 


; interrupt #0 handler entry 
EX AF,AF’ ; Save registers (or push on stack) 


EXX 


; body of code goes here including the instructions to reset the interrupt 


EXX ; restore registers 
EX AF,AF’ 
El ; enable interrupts 
RET ; don’t need RETI because interrupt 

; acknowledges are not needed 

; other interrupt handler entry points 

El ; enable interrupts 
RET ; exit 


jon--- interrupt handler address table 


ORG ($/256+1)*256 ; make table address mod 256 


DEFW IHO 
DEFW IH1 
DEFW IH2 
DEFW IH3 
DEFW IH4 
DEFW IH5 
DEFW IH6 


; interrupt handler #0 address 


0000’ 

0000 STARTUP: 
0000 3E 01 

0002 ED 47 

0004 ED 5E 

0006 FB 

0007 IHO: 
0007 08 

0008 D9 

0009 D9 

OO0A 08 

000B FB 

000C Cg 

000D 1H1: 
000D IH2: 
000D r | IH3: 
000D IH4: 
000D IH5: 
000D IH6: 
000D 1H7: 
000D FB 

OOOE C9 

0100 VECTORS: 
0100 0007 

0102 000D 

0104 000D 

0106 000D 

0108 000D 

010A 000D 

010C 000D 

010E 000D 
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It's easy to choose the exact KEC power supply to 
meet your requirements. Select from over 200 


FEATURE 


prnsiisy products or have KEC’s engineers custom design a 

pproval precision switching power supply just for you. 
Choose from both open frame or modular styles, 
in a wide range of wattages. You also have a 

Product choice of 115 or 230 VAC inputs. KEC assures 

Range prompt delivery from its California warehouse. 
\W/hen you choose a KEC power supply, you get 
over 70 years of design engineering experience 
dedicated to creating a standard for you. 

Price Discover the real Multiple Choice in power 
supplies — Discover KEC!! Write for your FREE 
literature and information kit, or call KEC toll-free 

| today. 

Warranty 2-year return to factor ¥ 

Reliability onsistently achieves less -800- 2 - ~ te 5 668 

than 1/10th of 1 percent KEC ELECTRONICS, INC 
field returns pom KES -2, IN 
. a 5 5 : (j (E =\ 20817 Western Avenue, 
Size and Compact size with up to Lis8 CA 90501 
Performance 100 KHz switching speed —"_ (213) 320-3902, FAX | 


“KEC—BRINGING MORE POWER TO YOU" 
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Voltage regulator has precise Ioyy limit 


Rush Hood 
Critikon Inc, Tampa, FL 


A monolithic, adjustable, 3-terminal regulator provides 
excellent voltage regulation and overcurrent protec- 
tion, but some applications require a better-controlled 
or lower-valued current limit than the chip alone can 
provide. In the regulator circuit of Fig 1, IC, provides a 
basis for current limiting and dissipates most of the 
power while the shunt regulator (IC;) provides precise 
voltage regulation. You independently program the 
current limit and Vour using external resistors. 

During operation, IC; keeps its output voltage 1.25V 
higher than the voltage at the ADJ terminal. R, is in 
series with IC,’s feedback signal, which allows IC, to 
control Vour by drawing current through the resistor. 
IC, regulates Vour by maintaining 2.5V at its Ref 
terminal; accordingly, you choose R, and R; to provide 
the desired Vour: Vour=2.5(1 +R,/R)). 

In addition, you select the value of resistor R; so that 
it drops 1.25V when the output is delivering the desired 
limit current. During normal operation, an increasing 
load current causes the voltage across R; to increase as 


R,’s voltage decreases. (At the desired current-limit. 


value, the voltage across R, goes to zero.) The current 
limit established for Fig 1 (123 mA) varies less than 1 
mA over the Vj range of 10 to 30V. The line regulation 
measures 0.001%/V over the same range, and the load 
regulation measures 0.1% over the Iour range of 0 to 110 
mA. 


Vout 
5V, 125 mA 


CATHODE 


T iF 


Vout=2.5 (1 a) 


1.25 
CURRENT LIMIT= Ra 
3 


Fig 1—Thanks to its separate monolithic, adjustable, regulator 
ICs, you can program this circuit’s output voltage and current limit 
independently. 


Components R; and C, stabilize the circuit by provid- 
ing frequency compensation. The minimum Vjy equals 
1.25V plus IC,’s minimum overhead requirement; the 
minimum Vouyr equals the sum of the IC’s reference 
voltages, 1.25+2.50=3.75V. EDN 
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Current source uses instrumentation amp 


James Wong and Derek Bowers 
Precision Monolithics Inc, Santa Clara, CA 


A precision current source such as a Howland current 
pump requires well-matched resistors for proper opera- 
tion; any mismatch will reduce the source’s output 
impedance (which is ideally infinite). By including a 
monolithic instrumentation amplifier that incorporates 


254 


the matched resistors, you can build a current source 
that is easy to use and calibrate. 

Fig 1 shows a simple bilateral current source based 
on the unconventional application of an instrumentation 
amplifier, in which you apply Vix between the Ref and 
Sense terminals. IC,’s gain equals 20(Rggnsz/Reain). If 
you set the gain to l, then Tour= Vin/Rj. (Rsense and 
Reain affect only the gain accuracy, not the amplifier’s 
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Schroff* 


The Schroff Europac system is very simply the worldwide standard 
in microprocessor packaging. 


The reason: The Schroff Europac system lets you standardize 
without having to compromise on either quality or performance. 
It’s designed for VMEbus or Multibus® II architectures and meets 
IEEE, DIN, IEC, VDE and EIA standards. What’s more, it can be 
configured with high-speed backplanes, power supplies and a wide 
range of accessories. 


Schroff’s microprocessor system is available either in piece parts 
or fully-assembled, tested and operational. Either way, you can 
depend on Europac to provide the reliability and performance you 
demand. And you can depend on Schroff to provide service you 
and your customers deserve. Whether your system is located 
around the corner, or around the world. 

“Multibus® is a trade-mark of Intel“. 
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common-mode rejection or linearity.) 

For the component values shown and when Vin=1V, 
the circuit produces a flow of 10 mA into the Tour 
terminal. The load may connect to ground or to another 
voltage, provided that Ipyr remains within its compli- 
ance-voltage range of +10V. Although the IC ean 
produce more than 20 mA of output current, you should 
limit Ipyr to less than 10 mA to avoid linearity errors 
caused by self-heating. The loaded current source can 
achieve better than 15-bit linearity if you follow this 
rule. 


Fig 1—This simple current source delivers a maximum of about 
+10 mA and exhibits negligible crossover distortion below 20 Hz. 


Fig 2—Adding two output transistors to Fig 1’s circuit boosts Tour to 
+0.5A. The other transistors minimize crossover distortion by ensur- 
ing that the output transistors remain in conduction. 
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Fig 3—The bottom trace of this scope photo shows the outpu 
waveform for the current source of Fig 2 with a 10Q load attached 
(The top trace is Vin, +5V.) 


Fig 4—This pulse-response waveform (bottom trace) shows that Fig 
2’s output (Iovr) swings between +0.5A and —0.5A in about 20 
psec. 


Adding discrete transistors allows the circuit to 
achieve higher levels of Iour. In Fig 2, for example, Q, 
and Q, enable the circuit to sink and source 0.5A. Q; and 
Q,; (and associated components) minimize crossover dis- 
tortion by ensuring that Q, and Q. remain in conduction 
(and therefore offer low source impedance) in the vicini- 
ty of zero crossover. 

Q: provides about 10 mA of bias current to Q. The 
combination of R», R;, and Q; creates a voltage of 
approximately 2Vpr. between the bases of Q; and Q». You 
Should set R; fully clockwise, then adjust it in the 
counterclockwise direction until the output stage’s qui- 
escent current equals 10 mA. The result is an output 
waveform without measurable crossover distortion 
(Fig 3). What’s more, it takes less than 20 sec for the 
output current to swing between +0.5A to —0.5A 
(Fig 4). EDN 


To Vote For This Design, Circle No 748 


EDN September 17, 1987 


From the company that truly knows both 
military and VME 
bonded aluminum thermal management 


layer, custom devices and extensive BITE 
facilities. 


It took a company that knows both VME 
und military specifications to design and 
suild the first fully militarized VMEbus 


yoards. . . Plessey Microsystems. Only 
lessey offers the totally VME-compatible Complete ATR 
IMV 68 family of modules for military Systems Packaging 


snvironments. Processor boards. 
2AM, EPROM and EEPROM 
soards. Bubble memory. Even 

4 board for interfacing the VME 
ous with the 1553B bus. Plus 
custom Mil VME capabilities. 
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Design Entry Blank 


$75 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design 
of each issue, determined by vote of readers. Addi- 
tional $1500 Cash Award for annual Grand Prize 
Design, selected among biweekly winners by vote of 
editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 


Name 


Title Phone 


Company 


Division (if any) 


Street 


City 


Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, must be 
original with author(s), must not have been previously 
published (limited-distribution house organs excepted), 
and must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules 
of the Design Ideas Program. 


Signed 


Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an ad- 
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate 
number on the reader inquiry card. 


ISSUE WINNER 


The winning Design Idea for the June 25, 1987, issue 
is entitled “Circuit ensures proper RS-232C mating,” 
submitted by Ralph L Adcock of SKP Electronics 
(Santa Ana, CA). 
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@ Photovoltaic Pure DC Out 
@ No Power Supply Needed 
@ Self-Generated Gate-Drive 
@ Self-Limited Gate Drive 

@ Single or Dual Floating Outputs 
@ The Safest Driver on the Road 
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IS IMPLEMENTING SMT A PUZZLE 
TO YOU? 


SMT PLUS has the 
solutions for you to put 
the pieces together 
with their comprehen- 
Sive training programs: 


@ The Economics of 
SMT 


@ SMT Fundamentals 
of Product Design 


M@ SMT Advance 
Design Techniques 


@ Manufacturing the 
SMT Product 


@ SMT Facility 
Implementation 


-™5 SMT PLUS, INC. 
408/943-0196 


Innovators in Design ™ Prototyping ™ Education 
2216 Lundy Avenue ™ San Jose, CA 95134 
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KEPCO/TDK 
INDUSTRIAL GRADE 
d-c TO d-c | 
CONVERTERS 


Kepco/TDK 
Series ERD 
Single Output 
d-c to d-c 
Converters 


KEPCO 


“=| THE POWER SUPPLIER™ 


1. Output Capacitors 


2. Overvoltage Protection 


3. Output Choke 


4. Main Power Transformer 


5. Output Rectifier 
6. Main Switch 
7. Overcurrent Sensing 


KEPCO/TDK SERIES ERD 60 WATT D-C TO D-C CONVERTER 


Weight: 1 Ib. 


Data subject to change without notice 


© 1987 KEPCO, INC. 


‘Litho in U.S.A. 


8. Remote On-Off 
(Entirely contained on one 
hybrid microcircuit in the ERD) 


9. Pulse Width Modulator 
(All signal processing entirely 
contained on one hybrid 
microcircuit in the ERD) 


10. Input Filter 


WATT MODELS 


WATT MODELS 


WATT MODELS 


KEPCO, INC. « 131-38 SANFORD AVENUE + FLUSHING, NY 11352 USA « (718) 461-7000 » TWX #710-582-2631 * FAX: (718) 767-1102 


-EO3 Broadband 


DIMENSIONS SHORTING LINKS 


Decimal dimensions in light 
face type are in inches, 
dimensions in bold face 
type are in millimeters. 


* Maximum allowable mounting 
screw penetration is 0.3/7 
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Compared to conventional d-c to d-c 
converters operating at 25KHz, 
our new 300 KHz Series ERD gives you: 


50% CUT IN UP TO 10% GREATER 50% CUT IN 
PARTS POPULATION EFFICIENCY COST PER WATT 


EFFICIENCY 


NUMBER OF 
COMPONENTS 


COST 
PER WATT 


Conventional ERD Conventional ERD Conventional ERD 
ALMOST TRIPLE A 70% REDUCTION NEARLY 5X BETTER 
POWER DENSITY IN WEIGHT MTBF * 


250 
000 hrs) MTBF longa, 
200 : 


POUNDS 
PER WATT 


H i 


Conventional ERD Conventional ERD Conventional ERD 
"Ground benign, 25°C. 


ERD 
48-0.6-24 
48-0.6-48 


ERD 
12-2.5-24 
12-2.5-48 


Input current (at 25°C): 
At nominal input voltage, 50°C power rating 
24V models: 1.6A typ., 1.8A max. 
48V models: 0.8A typ., 0.9A max. 
At minimum input voltage, 50°C power rating 
24V models: 2.2A max./48V models: 1.1A max. 
At nominal input voltage, no load 
24V models: 150 mA max. 
48V models: 100 mA max. 
Source voltage range: 
24V models: 20-30V d-c 


Output 
Current, 
Amperes = 740 


Current Limit (Amps) 
OVP Setting (Volts) 
Ripple (typ) 
(mV, P-P) — (max) 


Spike noise 
(mV, p-p max.) 


48V models: 40-56V d-c Efficiency (typ): 77% 
Input fuse value: Switching frequency: 300 KHz. 
24V models: 4 Amps/48V models: 2.5 Amps. Configuration: Forward Converter oe set 
== THE POWER SUPPLIER ” 


These ratings are for “vertical” installation. For use horizontally, derate by 20%. 
MOVING AIR (5 CFM) IS SUFFICIENT TO AVOID DERATING IN HORIZONTAL POSITION. 


Model Number 


Output Volts 
Adjustment Range 0~5.5 | 8.4~13.2 


eS 
Amperes = 740 | 4B 
| 13.2~13.8 | 
| 6.0~6.9 | 
pet 20'S 


Input current (at 25°C): 

At nominal input voltage, 50°C power rating 
24V models: 3.3A typ., 3.5A max. 
48V models: 1.6A typ., 1.7A max. 

At minimum input voltage, 50°C power rating 
24V models: 4.3A max./48V models: 2.1A max. 

At nominal input voltage, no load 
24V models: 150 mA max. 
48V models: 100 mA max. 


Current, 60°C 
Current Limit (Amps) | 13.2~13.8 
OVP Setting (Volts) 6.0~6.9 


Ripple (typ) 30 
(mV, P-P) (max) 


Source voltage range: ey eee 100 

24V models: 20-30V d-c 

48V models: 40-56V d-c Efficiency (typ): 24V models: 79%/48V models: 82% 
Input fuse value: Switching frequency: 300 KHz. 

24V models: 6.3 Amps/48V models: 4 Amps. Configuration: Forward Converter 


These ratings are for “vertical” installation. For use horizontally, derate by 20%. 
MOVING AIR (5 CFM) IS SUFFICIENT TO AVOID DERATING IN HORIZONTAL POSITION. 


ERD 
48-2.8-24 
48-2.8-48 


12-12-24 
12-12-48 


15-10-24 
15-10-48 


Input current (at 25°C): 
At nominal input voltage, 50°C power rating 
24V models: 8.0A typ., 8.5A max. 
48V models: 3.8A typ., 4.1A max. 
At minimum input voltage, 50°C power rating 
24V models: 10.5A max. 
48V models: 5.0A max. 
At nominal input voltage, no load 
| 24V models: 150 mA max. 
48V models: 100 mA max. 
Source voltage range: 
24V models: 20-30V d-c 


Current, 
Amperes 


Current Limit (Amps) 33~35 |13.4~14.4 |11.2~12.0 
OVP Setting (Volts) 6.0~6.9 | 13.7~15.7 |17.0~19.5 


Ripple (typ) 
(mV, P-P) — (max) 


Spike noise 
(mV, p-p max.) 


48V models: 40-56V d-c Efficiency (typ): 24V models: 79%/48V models: 81% 
Input fuse value: Switching frequency: 24V models: 220 KHz/48V models, 300 KHz 
24V models: 15 Amps/48V models: 8 Amps. Configuration: Forward Converter 


These ratings are for ‘vertical’ installation. For use horizontally, derate by 20%. 
MOVING AIR (5 CFM) IS SUFFICIENT TO AVOID DERATING IN HORIZONTAL POSITION. 


KEPCO/TDK 
HEAVY DUTY, 
INDUSTRIAL 
GRADE 

SINGLE OUTPUT 
d-c TO d-c 
CONVERTERS 


The 300KHz switching frequency of our new Series 
ERD is not the only reason we can make it so much 
smaller and lighter than conventional, 25KHz d-c to 
d-c converters. Advanced switching techniques and 
hybrid microcircuitry employing the latest surface mount 
technology also contribute. But 300KHz switching is still 
the major factor; and the basic reason we can produce 
such high frequency switchers is the development — by 
TDK — of H7C4, a new low-loss ferrite that can handle 
such high frequencies. 


e Adjustable voltage output: — 30% to + 10% of 
nominal.* 


e Transformer isolated output: allows independent 
grounding of input and output. 


e Remote error sensing, which allows the ERD to 
ignore the effect of load wire voltage drop up to 0.4V 
per wire. 


e Remote on-off: A TTL-compatible logic level signal 
can be used to turn the power supply on and off at the 
+ RC terminals. It is optically isolated so that it need 
not be common to the power supply. 


e Overvoltage protection, which shuts off the switching 
oscillator and reduces the output to zero, when output 
voltage tries to exceed the preset limit. 


e Rectangular current limiting, to drive non-linear 
loads and allows for paralleling. 


e Power OK indicator, green LED. 


e A built-in EMI filter capable of meeting conducted 
noise standard MIL-STD-461B. 


e Certified to meet MIL STD 810D environment: 


500.1 Procedure | 503.1 Procedure | 508.1 Procedure | 
Low pressure Temperature shock Fungus 

501.1 Procedure |,I| 504.1 Procedure | 514.2 Procedure I, X 
High temperature Temperature — altitude Vibration 

502.1 Procedure | 507.1 Procedure | 516.2 Procedure |, Ill 
Low temperature Humidity Shock 


“Except 5V and 15V model. — 20% to + 10%. 


@ KEPCO. 
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NEW PRODUCIS 


i; | 
i Z 


INTEGRATED CIRCUITS 


VIDEO DAC 


» 125M-sample/sec update rate 
» S-bit resolution 


The Bt457 is an 8-bit video D/A 
converter that’s pin-compatible 
with the firm’s existing Bt451 and 
Bt458 products. The monolithic 
CMOS Bt457 includes a 256-byte x8- 
bit color look-up table and operates 
with a clock frequency (input data 
rate) as high as 125 MHz. The chip is 
suitable for monochrome- or color- 
video applications; its multiplexer 
provides 4:1 or 5:1 data-rate reduc- 
tions. The converter also features 
programmable blink rates, bit-plane 
masking and blinking, color-overlay 
capability, and a dual-port, color- 


palette RAM. It includes high- 
speed logic that minimizes the use of 
external ECL-interface circuitry 
and lets you create bit-mapped col- 
or-graphies displays with resolu- 
tions as high as 1280x1024 pixels. 
Multiplexed T'TL pixel ports allow 
32-MHz data transfers to the frame 
buffer while maintaining a 125-MHz 
update rate at the DAC’s output. 
The outputs can drive a 759 coax 
directly. The package is an 84-pin 
ceramic pin-grid array. 125-MHz 
version, $140; 110-MHz version, 

$123; 80-MHz version, $105 (100). 
Brooktree Corp, 9950 Barnes 
Canyon Rd, San Diego, CA 92121. 
Phone (619) 452-7580. TLX 383596. 
Circle No 371 


MOTOR DRIVER 


@ Drives 3-phase brushless de mo- 
tors to 3A 

@ Limits output slew rate to mini- 
mize EMI 


The L6230 is a single-chip driver for 
3-phase brushless de motors. It can 
deliver an output current of 3A from 
supply voltages as high as 18V. The 
controller accepts differential inputs 
from three Hall-effect sensors and 
includes all the logic necessary to 
commutate the motor winding cur- 
rents. You can use the driver with 
motors that have either star or 
delta-connected windings, and a di- 
rection input to the IC allows you to 
select forward or reverse motor ro- 
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tation. The driver has a motor- 
speed-indication output (producing 
one pulse per motor revolution), 
which you can compare to a refer- 
ence frequency in a PLL. The out- 
put of the PLL connects to the driv- 
er’s speed-control input and controls 
the motor winding current. The 
motor driver is also compatible with 
F-to-V speed-control systems. To 
avoid generating EMI during com- 
mutation, the driver limits the slew 
rate of the output stages to 0.1V/ 
usec typ. The L6230 comes in a 
15-lead Multiwatt package and costs 
around $5 (100). A unidirectional 
version, the L6231, is also available. 

SGS Microelettronica SpA, Via 
C Olivetti 2, 20041 Agrate Brianza, 


Italy. Phone (039) 65551. TLX 
330131. 

Circle No 372 

SGS Semiconductor Corp, 1000 

E Bell Rd, Phoenix, AZ 85022. 

Phone (602) 867-6100. TLX 249976. 

Circle No 373 


VIDEO BUFFER 


@ 200-MHz bandwidth 
@ +5V operation 


The hybrid LH4002 is a unity-gain 
buffer amplifier that can drive 50 
and 75Q loads at frequencies great- 
er than 200 MHz. The device is 
suitable for video distribution, 1m- 
pedance transformation, and, in- 
creasing the output-current capabil- 
ity of conventional op amps. 
Intended for operation with +5V 
supplies, the buffer provides a 
1000V/psec min slew rate, 2° phase 
linearity (from 1 to 20 MHz), and 
less than 0.1% distortion. The 
LH4002 is pin-compatible with the 
industry-standard LH0002, and it 
comes in a 10-pin plastic DIP or an 
8-pin TO-5 metal can. The plastic 
DIP has better heat transfer than 
the metal can, providing a thermal 
impedance of 120°C/W (vs 125°C/W 
for the metal can). Mil-processed 
versions are available. From $9.50 
(100). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-5856. TLX 346353. 

Circle No 374 


PRECISION OP AMP 


@ 600-pA max input bias current 
over MIL temp range 
@ 120-pV max Vos 


The PM-1008 precision op amp is pin 
and function compatible with the 
OP-08 and 108-type op amps, but 
offers better de characteristics. 


Superbeta input transistors and a 
Text continued on pg 268 
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FF T-TESTED 


MIL-STD-1772 CERTIFIED 
MN6000 Series 


Single Package Sampling A/D's 
User Transparent T/H Amplifiers 
Frequency Domain (FFT) Testing 
High Sampling Rates/Resolution: 
MN6290/6291: 20kHz 16 Bits 
MN6231/6232: 50kHz 12 Bits 
MN6227/6228: 33kHz 12 Bits 
MIL-STD-883 Screening 


For you, we've expanded our line of FFT- 
tested, high-speed, sampling A/D converters 
with two new 16-bit models: MN6290 and 
MN6291. Like our entire MN6000 Series, these 
new devices mate a track-and-hold amplifier 
(1/H) with a high-speed, high-resolution, 

A/D converter in a single DIP package. The 
T/H is completely transparent, eliminating 
the hassle of evaluating T/H specs that are 
difficult to understand and often don't relate. 
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12-16 BIT 


SAMPLING 
A/D’ 


All MN6000 devices accurately sample and 
digitize dynamic input signals with frequency 
components up to the Nyquist frequency 
(one-half the sampling rate). They are ideal 
for radar, sonar, spectrum and vibration 
analysis, voice and signature recognition, 
and other contemporary DSP applications. 
All come with full frequency-domain perfor- 
mance specifications, which are critical to 
designing for these applications. 
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Viicro Networks was the first to apply FFT 
esting to A/D converters. We recognized 
hat this would be the key to specifying 
A/D's for emerging DSP applications. In our 
requency-domain testing, sampling A/D's 
yperate in a manner that simulates a digital 
spectrum analyzer with a known low- 
jistortion input signal. The output spectra 
yield precise, practical measurements of 


Sampling 
A/D 
Converter 


Ultra Low 
Distortion 
Oscillator 


Buffer 


Computer 
Memory 


Crystal 
Clock 


signal level, noise level, signal-to-noise ratio, Frequency-Domain Testing 
1armonic distortion, and input bandwidth, of A/D Converters 
yiving you the performance specilications 
fae ae os clea, Me All MN6000 Series devices are packaged 
esting clearly demonstrates the ability ot | ) ; , 
} | ee! in standard ceramic DIP’s and are available 

sur MN6000 Series devices to maintain near- e : . | 
deal signal-to-noise ratios independent ol fully specified for — 55°C to + 120°C with 

J ee MIL-STD-883 screening. 12-bit models contain 


increasing analog input Irequencies. full 8 or 16-bit pP interfaces. Select the device 


that best meets your design requiremenis. 


MN6290/6291 
OdB Talis cata anna iniiniiaaaasiaiia Siamat ainin 
fooneee + Input Frequency: 10kHz Part Input Sampling Input Bandwidth SNR 
a: ee Sampling Rate: 20.5kH2 00, Number Range Rate (Note 1) (Note 2) Harmonics 
AMS Note —85.71d 
| eee RMS Noise: —85.71dB 0 "7 12-Bit Resolution 
AAD: op ctecensussaiapsnc S/N: 85.48d0B cece MN6227 16.5kHz 
2nd Harmonic: — 93.68dB MN6228 16.5kHz 
ee ea oe Ca MINGO31 ae 


-25kHz 
16-Bit Resolution 


MN6290 10V 20kHz 10kHz 84dB — 88dB 
MN6291 20V 20kHz 10kHz 84dB — 88dB 
1. Input bandwidth for which SNR and harmonic specs are guaranteed when sampling at the 


minimum guaranteed rate. 
2. Signal-to-noise ratio (r.m.s. to r.m.s.) with full-scale (OdB) input. 


Amplitude — GOB 4.we-eeeeeeceeccerereceeeeceeteeaeceeseererneeeeeeeenenneneceereseetnaaeeesceseecceesesesansengns MN6232 
Relative to 


Full Scale Liew bide St cai aaigale deaneaeesreneataar secs sumastmatigns eeetniene-2o ones andar. Badebeeeew areas 


0 Hz 10.25kH ' ' ; 
Input Frequency ° For detailed information on MN6290/6291 
on anaueres or other high-speed sampling A/D's in our 
wccteaigc cide eae e Sed dbee sae ese Sese ciswa cis nsdn elses sessing sins senie cee essiecis ee siasissiscishereiese caer asec ccsss (ae expanding line, send tor Our comprehensive 
sap | "Seinping Rete: Bane data sheets. For rapid response, calll Russ 
RMS Signal: —0.34dB 
—— awe Mullet at Ext. 208. 
~400B Pn. SIN: 72.54dB verre de 
ee | | 
Amplitude I I oo cacs cs ssc + andes Stic gpeseatalanbdatactereeseleallicibeakasen a tneadnansan Micro Networks 
elative to 
Full Cale aaah wihea ebb squeucanddadbeaoescecevoessevesecedeeg UegectiecsGbeu pednenueresewneceeceneeieseesae trade ‘ 324 Clark Street 


Worcester, Massachusetts 01606 
(617) 852-5400 


Micro Networks 
i ingut Breduency eee Advancing Data Conversion 
Technology 


Regional Sales Offices: Worcester, MA (617) 852-5400; Dallas, TX (214) 231-1340; Santa Ana, CA (714) 261-5044. 
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INTEGRATED CIRCUITS 


SSS 


zener-zapped current-cancellation 
circuit reduce the input bias current 
to only 600 pA max at 125°C and 100 
pA max at 25°C. The maximum 
input-offset voltage and drift are 
120 pV and 1.5 pV/°C. The mini- 
mum PSR (power-supply rejection) 
and CMR (common-mode rejection) 
are 114 dB. The PM-1008 draws 
only 600 wA of supply current when 
operating with +15V supplies at 
25°C; you can operate the op amp 
with supplies in the range from 
+2.5 to +15V. The typical noise- 
voltage density at 10 Hz is 17 
nV/VHz. External terminals let 
you compensate the op amp for each 
application by using a single capaci- 
tor. The device is available in an 
8-pin TO-99 can and an 8-pin plastic 
DIP. From $3.10 (100). 

Precision Monolithics Inc, Box 
98020, Santa Clara, CA 95052. 
Phone (408) 727-9222. TWX 310- 
371-9541. 

Circle No 375 


1200-BPS MODEM 


@ Implements Bell 212A/CCITT 
V.22 modems 
® Fabricated in silicon-gate CMOS 


The XR-2130 chip implements a 
1200-bps modem that meets the re- 
quirements of Bell 212A/CCITT 
V.22. Fabricated in silicon-gate 
CMOS technology and operating on 
+5V power supplies, the device pro- 
vides a bus-structured interface 
suitable for control by standard mi- 
crocontrollers such as Zilog’s CMOS 
Z8. The chip’s coherent demodula- 
tor—based on a Costas loop—pro- 
vides a bit-error rate of less than 10° 
for worst-case line conditions (CO), 
and S/N ratios as low as 11 dB. Its 
digital echo-modulation techniques 
minimize interference by the local 
transmitter, producing an input dy- 
namic range of 45 dB. The chip also 
features DTMF dialing; complete 
call-progress monitoring; and ana- 
log, digital, and remote-digital loop- 


back test modes. An evaluation 
board is available. The modem 
comes in a 28-pin DIP, a 28-pin 
PLCC, or a 32-pin surface-mount 
package. $21 (100). Delivery, six to 
eight weeks ARO. 

Exar Corp, Box 49007, San Jose, 
CA 95161. Phone (408) 434-6400. 
TWX 910-339-9233. 

Circle No 376 


COMM CHIPS 


@ 56M-bps data throughput 
@ S-, 9-, or 10-bit data words 


The Am7968 transmitter and 
Am7969 receiver make up the Taxi 
(transparent asynchronous trans- 
mitter-receiver interface) chip set, 
which handles high-speed digital 
serial communications over fiber-op- 
tic or coaxial lines. The Am7968 
accepts parallel data and transmits 
it in an asynchronous serial format. 
At the other end, the Am7969 con- 
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Color by 


Meivomp' new graphics 
subsystem pumps new excite- 
ment into Micro Vax II, 
turning up to four terminals 
into high performance, 
high resolution graphic 
workstations. Brooktree® 
RAMDACs pump out the 
color, enabling CalComp to 
do it all on a single board. 
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INTEGRATED CIRCUITS 


Neeeeeeeee 


Paratie! Data 


Am7968 
Transmitter 


verts the data back to the bit-paral- 
lel, byte-serial format. Each device 
has 12 interface pins, which allow it 
to operate with 8-, 9-, or 10-bit data 
words. (You can cascade the chips to 
handle wider data words.) It is cur- 
rently capable of 56M bps (a 70-MHz 
clock rate); the vendor plans to offer 
a 100M-bps version (a 125-MHz 
clock rate) later this year. The de- 
vices operate on 5V and come in 
28-pin ceramic DIPs. $58/pair (100). 
Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 

Phone (408) 732-2400. 
Circle No 377 


MOTOR DRIVER 


@ Drives two independent unipolar 
stepper motors 
® Has 60V/1A output capability 


The UAA2081DP IC provides full- 
and half-step drive for two indepen- 
dent unipolar stepper motors. The 
device controls both speed and di- 
rection by means of five LSTTL/ 
CMOS-compatible control lines, 
which are suitable for direct connec- 
tion to a microcontroller. It uses 
command words, each comprising 
two 3-bit words, to control the step- 
per motors. To provide a high de- 
gree of noise immunity, the control 
inputs feature glitch filtering, which 
prevents them from responding to 
pulses of less than 200 nsec in dura- 
tion. Each output stage has a volt- 
age capability of 60V and a maxi- 
mum output current of 1A (into a 
single motor phase) or 700 mA (into 
two motor phases). The output cur- 
rent for each motor is programmed 


with an external resistor. Free- 
wheel diodes, with a leadout for 


‘their common-cathode connection, 


are included in the output stages. 
The device comes in a 24-pin DIP. 
$7.20 (1000). 

Thomson Semiconducteurs, 45 
Ave de l’Europe, 78140 Velizy, 
France. Phone (1) 39469719. TLX 
204780. 

Circle No 378 

Thomson Components-Mostek 
Corp, 1310 Electronics Dr, Carroll- 
ton, TX 75006. Phone (214) 466- 
6000. TLX 730643. 

Circle No 379 


SCSI CONTROLLER 


e Transfers data at 4M bytes/sec 
@ Dissipates only 75 mW typ 


You can directly substitute the 
L5380 asynchronous SCSI-control- 
ler chip for existing devices without. 
modifying your circuit board. Sub- 


Brooktree 
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422-9040, in California. 


a CalComp trademark. 


CIRCLE NO 20 


Brooktree Bt458. Triple 8-bit 

RAMDAC with 256 color lookup table. 

Available in speeds from 80 MHz 

to 135 MHz. TTL compatible. 

CalComp Formula 1™ 1280 x 1024 

resolution graphics subsystem for the 

DEC Micro Vax II. Displays 256 ‘ 


colors from a 16.8 million color palette. 


Brooktree Corporation, 9950 Barnes 
Canyon Road, San Diego, California 


92121. 1-800-VIDEO IC or 1-800- 


Micro Vax II is a registered trademark of 
Digital Equipment Corp. Formula 1 is 
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You're a busy product designer. That's why DeeCO has 
a wide range of flat-panel display solutions. Like vacuum 
fluorescent modules. Large-area electroluminescent and 
AC plasma controllers for graphics and text. PC, XT, AT 
adapters. And Seallouch” infrared touch panels. 

We make integrated solutions, too. Like our full flat- 


EECO DISPLAY SOLUTIONS. 
BECAUSE YOU HAVE ENOUGH TO DO. 


panel module, with display, controller and SealTouch in a 
single assembly. It's the smallest solution to your large 


front panel problem. 
Call or write for full product information. We know you're 


busy. Ask us for help, because a Ci 


you already have enough to do. 


SEE US AT ISA ’87, BOOTH 4621 


Digital Electronics Corporation, 31047 Genstar Road, Hayward,CA 94544-7831 (415) 471-4700 


CIRCLE NO 161 
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INTEGRATED 
CIRCUITS 


LOKGK: DEVRES iy 
L& 380 SCS) Conroe ; 


Mvrocantrater | 


stituting the CMOS part gives you 
2.5 times the speed (4M bytes/sec) 
and one tenth the power dissipation 
(75 mW typ) of the NMOS device it 
replaces. The L5380 implements the 
asynchronous SCSI interface as de- 
fined by the ANSI X3T9.2 commit- 
tee in the X3.131-1986 document. 
Further, the part works in both the 
initiator and the target modes, so 
you can use it in both the computer 
and the disk drive. It comes in a 
40-pin plastic DIP or a 44-pin PLCC 
and is graded for 2-MHz or 4-MHz 
operation. 2-MHz version in a DIP, 
$8.53; 4-MHz version in a PLCC, 
$18.71 (100). 

Logic Devices Inc, 628 E Evelyn 
Ave, Sunnyvale, CA 94086. Phone 
(408) 720-8630. 

Circle No 380 


DIALER CHIP 


@ Supports LD or DTMF dialing 
@ Has last-number redial, reperto- 
ry dialing stores 


The MA545 is a CMOS dialer chip 
featuring loop-disconnect (LD) or 
DTMF keypad dialing, a 24-digit 
last-number redial store, and ten 
24-digit repertory dialing stores. 
You can select between LD and 
DTMF dialing via the telephone’s 
keypad. The chip also has selectable 
2:1 or 3:2 make/break ratios and 
selectable 500- or 800-msec inter- 
digit pauses. You can obtain options 
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Bl means standard 
trimmers made 


special for you. 


We offer a broad line of standard rectan- 
gular and square multiturn, single turn, and 
Surface mount trimmers. But we feature 
something more—a special Knack for 
solving your applications problems through 
modified components and packaging, 
including tape and reel, tube and ammo 
pack. When you design in Beckman Indus- 
trial Corp. products, you not only get 45 
years of quality leadership, you 
get custom attention to your 

+ needs as well. And you 

don't have to ask for It; 

it's standard. 
For applications 

assistance or the 
BI Resistive Products 
Short Form Catalog, 
_ Call (714) 447-2700. 


erlrmman Pmefucstrini” 


SUIWWIRL 


4141 Palm St., Fullerton, CA 92635 
CIRCLE NO 21 


QUARTZ CRYSTALS 
FOR SURFACE MOUNT 


Micro Crystal high quality miniature 
quartz crystals for surface mounting 
are tailored to advanced microelec- 
tronics requirements. 


@® Mountable by vapor phase or 
infrared solder reflow, or wave 
soldering at 260° C for 20 sec. 


@ Available in 16 mm tape, double 
pitch, on standard 7”’’ reel (up to 1k 
pieces per reel) 


@® Frequency range from 10 kHz to 
4 MHz and 8 MHz to 24 MHz. 


A4f—~_) 212/505-5340 
4iw— | ETAINDUSTRIES, INC. 


MICRO CRYSTALIDIV. OF ETA 35 East 21st St., New York, NY 10010 
CIRCLE NO 22 
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Ask For Our High-Speed Data Links 
And Youll Get A Fast Response. 


Siecor not only offers the most advanced 50, 125 
and 200 Mbd data links for FDDI and other 
high-speed applications. We also stock them in 
olentiful supply, so they're available for testing at 
a moment's notice. In ct well get them to you 
overnight when necessary. 


It’s also easy to get large quantities once you've 
seen our excellent results. And we're certain you'll 
order our data links for a variety of reasons. Such 
as our excellent receiver sensitivity. Our ability to 
use a ne power source. Our small, compact 


size. And the fact that all our data links are EMI 
shielded, thoroughly tested and proven in appli- 
cations from 5 to 200 Mbd. 

After you see how beautifully our high-speed 
data links perform, you'll want to try our other 
electro-optic components, too. Including our 


CIRCLE NO 162 


SAW filter-based clock recovery modules, clock 
oscillators, fiber optic switches, fiber optic mo- 
dems (RS232, RS422 and TTL) and parallel/ 
serial converters. 

All Siecor components are competitively 
priced, so there's nothing to hold you back from 
calling us for evaluation quantities. And nothing 
to holt us up in getting them to you. Just call 
219/549-657 | ge Or write Siecor Corporation, 

J~e a Electro-Optic Products, 
Post Office Box 13625, 
Research Iriangle Park, 
North Carolina 
mame 27709-3625. 
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INTEGRATED 
CIRCUITS 


that make the LD dialing function 
suitable for use in Sweden, Den- 
mark, Norway, and New Zealand. 
The chip’s current consumption is 
low enough (typically less than 1 pA 
with the telephone on hook) that 
you can supply current to the dialer 
chip by leaking current from the 
telephone line. The dialer is avail- 
able in an 18- or 20-pin DIP. The 
20-pin DIP includes an amplifier 
suitable for use as a tone-filtering 
circuit. The MA545 is compatible 
with the company’s MA540, MA526, 
and MA527 Series dialer chips, so 
you can use a single pe-board design 
for a range of telephones. £3.70 
(100). 

Marconi Electronic Devices 
Ltd, Doddington Rd, Lincoln LN6 
3LF, UK. Phone (0522) 688121. 
TLX 56380. 

Circle No 381 

Marconi Electronic Devices Inc, 
45 Davids Dr, Hauppauge, NY 
11788. Phone (516) 231-7710. TLX 
275801. 

Circle No 382 


OP AMP 


@ 100-MHz bandwidth 
@ 2500V/pusec slew rate 


The AD9610 is a hybrid trans- 
impedance op amp. Using current 
feedback instead of voltage feed- 
back, the amplifier provides band- 
width that is relatively independent 
of closed-loop gain: 100 MHz at 
unity gain, 95 MHz at a gain of —10, 
and 75 MHz at a gain of —20. In 
addition, different gains have little 
effect on the op amp’s 3.5-nsec rise 


EDN September 17, 1987 


- DC models, these “Mil-Qual” units are 


Bl means standard - — 


networks made 
special for you. 


We offer a broad line of RESNET* dual 
in-line thick and thin film, and single in-line 
thick film resistor networks. But we feature 
something more—a custom capability for 
special resistance values, combinations 
and packages to meet your requirements. 
When you design in Beckman Industrial 
Corp. products, you not only get 45 years 
of quality leadership, you get custom 
attention to your needs as well. And you 
don't have to ask for it: its standard. 


For applications 
assistance or the 
BI Resistive Products 
Short Form Catalog, 
call (714) 447-2700. 


Backman 


eawGZ7EH € 26488 


4141 Palm St., Fullerton, CA 92635 
CIRCLE NO 23 


Prduetrizai” 


.Technipower 
‘‘Mil-Qual’”’ Triple Output 


Switching Power Supplies 


ency and size of aswitc 


ut of a linear — all in a compact _ 


age! Available in AC/DC and DC/ 


designed for severe shock and harsh 
environments. They feature a Mil-type 
input/output connector along with spe- 
cially developed EMI/RFI filter circuitry. 
MTBF is 100,000 plus hours. Efficiency 
is 80%. Full power is provided at max 
operating temp., to 95°C, no derating. 


Choose from 20 models which meet 
- Mil-704, Mil-901 and other standards, 
have transient protection plus power 


ranges from 20 to 300W. 5 year warranty. 
Send for details. 


We Do The Job Right! 


TECHNIPOWER 


A Ppenril COMPANY 


PO. Box 222, Commerce Park, Danbury, Conn. 06810 
Phones: (203) 748-7001; In Calif. (805) 493-2244 
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FOR A LIMITED TIME ONLY, 
EXCLUSIVELY FROM HAMILTON/AVNET 


Sr SR SSPEARS 
Motorola’s complete MC68020KIT 32- 


bit Design Kit lets you evaluate the high- 
performance 32-bit Motorola micropro- 
cessor family at a reasonable cost: just 
9399. And it has everything you need to 
begin designing high performance mul- 
tiuser business systems, engineering work- 
stations, industrial controllers, communi- 
cations controllers, graphics controllers 
and more. 

Each kit contains 16.67 MHz versions of 
the: 


| MC68020 32-bit Micropro- 

veal Cessor with acomplete 32-bit 

# intemalarchitecture, complete 

fee 32-bit external implementation, 

on- peehio instruction cache, coprocessor 

interface and low power consumption 
pe ie technology. 


mn MC68881 Floating Point Co- 

mm fa Processor, which provides 

__f functionality and performance. 
ees It fully implements the IEEE 754 
sai Floating Point Specification and 
provides trigonometrics, hyperbolics, ex- 
ponentials, logarithmic plus non-tran- 
eorelial functions. 


im, MC68851 Paged Memory 
| Management Unit. The PMMU 

@ translates logical addresses to 
me physical addresses in one clock 
cycle (less than 45 ns at 16.67 MHz) 
through the use of an on-chip address 
translation cache. It provides complete 
support for multitasking applications, 
logical or physical data caches, virtual 
machine and multiple bus masters. 

You'll also get enough Motorola Static 
RAMS to build a 32-bit wide external 
cache for the MC68020, just like the high 
performance workstations now on the 
market. Also included in the kit are two 
low-cost 11-channel (MC145040 and 
MC145041) CMOS A/D Converters with 
serial interface ports to provide commu- 
nication with MPUs and MCus. 

And, since this offer is exclusively from 
Hamilton/Avnet, we've got still more. 
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MOTOROLA from 
hati etait 


MC68020 KIT 
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EEE LATE LOI DEDEDE EEO REE AE 


YOU GET COMPLETE DOCUMENTATIC 


AND HAMILTON/AVNET’S FULL SUPPO 
a eT ee 


Included in the MC68020KIT is cor 
plete documentation, with everythir 
pertaining to the Motorola 32-bit micr 
processor family, including individu: 
data sheets, users manuals and applic« 
tion notes for each of the three chips. 

You'll also get information on Motorol 
second generation 32-bit chips, th 
MC68030 and MC68882, plus 16 artic! 
reprints, 15 brochures, 23 engineering bt 
letins and a MC68020 microphotograp! 

This kit lets you purchase all thre 
chips and every piece of literature fc 
less than half the price of the chic 
alone. Hamilton/Avnet makes it less e) 
pensive and easier for you to desig 
with the devices that have already car 
tured most of the 32-bit MPU applicatior 
now in the market. 

There’s only one way you can get « 
MC68020kKIT: contact your service repre 
sentative at your local Hamilton/Avne 
facility. For the phone number of yot 
nearest Hamilton/Avnet facility, call 1 
800-826-0500 (in Canada, 1-800-387 
6879; 1-800-387-6849 in Ontario anc 
Quebec). But they're in limited supply 
so you've got to call now. Because wher 
they’re gone, they're gone, and at thi 
price, we can only allow one (1) ki 
per Customer. 


SPECIAL MIDCON 
SHOW DISCOUNT 


Sign up for a 10% discount on this already low 
| price by bringing this coupon to the 
Hamilton/Avnet booth (#2530). This offer 
i expires at the end of the last day of the show. 


EDN91787 
NAME 


TITLE 


COMPANY 


ADDRESS 


CITY 


STATE ZIP 


MSTOP 


PHONE 


APPLICATION 


One kit per person. 
Available on a first come, first served basis. 
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INTEGRATED 
CIRCUITS 


and fall times, its 18-nsec. settling 
time (to within +0.1%), and its 
3500V/psec slew rate. Laser trim- 
ming reduces the input offset volt- 
age to +0.3 mV; the Vos drift is 4 
wV/°C. The equivalent input noise 
over the frequency range from 5 to 
150 MHz is 0.7 nV/V Hz typ and 23 
pA/V Hz typ. The amplifier has in- 
ternal frequency compensation and 
an internal 1.5-kQ feedback resis- 
tor; you add one resistor to set the 
closed-loop gain. The AD9610 comes 
in a 12-pin TO-8 metal can, operates 
with +15V supplies, and dissipates 
630 mW typ. Industrial-tempera- 
ture version, $49.88; military-temp- 
erature version, $79 (100). 

Analog Devices Inc, Box 9106, 
Norwood, MA 02062. Phone (617) 
329-4700. TWX 710-394-6577. 

Circle No 383 


MULTIPLEXER 


e +10.8 to +22V supply range 
@ 20-nA leakage current at 85°C 


Compared with the existing 508A 
types, the DGP508A 8-channel ana- 
log multiplexer offers tightened lim- 
its on critical parameters. Its im- 
proved capability for automatic 
testing allows the manufacturer to 
test 100% of the production units for 
parameters such as the variation of 
channel-switching times and on-re- 
sistance (within a single device), 
and charge injection. The improved 
specs include a wider supply range 
(+10.8 to +22V) and lower source- 
and drain-leakage currents (2 nA at 
25°C; 20 nA at 85°C). The parts 
come in 16-pin plastic or ceramic 
DIPs specified for operation over 
the industrial or military tempera- 
ture ranges. From $6.55 to $21.95 
(100). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. 

Circle No 384 
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Bl means standard 
pots/dials made 
special for you. 


We offer a broad line of standard 
HELIPOT" single as well as 10-turn pots, and 
analog as well as digital turns-counting dials. 
But we feature something more—a special 
design expertise that gets to the heart of your 
unique requirements, including servo sub- 
systems, precision electro-mechanical 
assemblies and other highly specialized 
applications. When you design in Beckman 
Industrial Corp. products, you not only get 
45 years of quality leadership, you get 
custom attention to your needs as well. And 
you don't have to ask for it; it's standard. 

For applications assistance 
or the BI Resistive 
Products Short 

Form Catalog, 
call (714) 447-2700. 


erlrman Pnduetrini” 


eawG S788 # 2428 @ 


4141 Palm St.. Fullerton, CA 92635 
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SIVIG/SLOd 


By Lightwave Communications, Inc. 


8, 16, 32, 64 Channels 
Up to 64 Kb/s 

Full and Half Duplex 
Rack Mount Frame 


RS-232 Multiplexers 


Full Duplex 
Half Duplex 
With/Without Clock 
Up to 2 Km 


RS-422 Modems 


Send this ad to Lightwave Communications, Inc. for more 
information on RS-232 Modems — Video Links — Fiber Optic 
Cable Assemblies EDN91787 


Name 

Company 

Address 

City, State, Zip 

Phone 
(Corer 
J 650 Danbury Road, Ridgefield CT 06877 


203 ¢ 438-3591 
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NEW PRODUCTS 


COMPONENTS & POWER SUPPLIES 


LED LENS 


® Mounts in a round hole 
®@ No tools needed for installation 


The SQB 400 Series lens mount has 
a square lens, but mounts in a round 
panel hole. Its low-profile lens de- 
sign prevents it from being turned 
or easily misaligned. The lens is 
designed for front-panel mounting 
in a 0.25-in. round hole on a 0.375- 
in. center. You can install it without 
tools—you simply snap the lens 
mount through the panel and insert 
the LED (T1-%4) from the rear. The 
lens mount is suitable for panels 
with thicknesses of 0.0312 to 0.25 in. 
Its viewing angle is 180°, and it’s 
available in six colors. $0.09 
(10,000). 

Visual Communications Co Inc, 
7920-G Arjons Dr, San Diego, CA 
92126. Phone (800) 522-5546; in CA, 
(619) 549-6900. 

Circle No 351 


AMPLIFIER 


@ Features a 2- to 6-GHz frequency 
range 

@ Housed in a package *%-in. high 

The Model PPA-6232 microwave 

surface-mount amplifier has a mini- 


mum gain of 18 dB (20 dB typ) over 
a 2- to 6-GHz frequency range. 
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Specifications include a maximum 
noise figure of 5.5 dB (4.3 dB typ), 
+17 dBm min, 1-dB compressed 
output power, and a 2:1 guaranteed 
maximum input and output VSWR. 
All specs apply over a 0 to 50°C 
operating range. Slightly reduced 
specifications apply over a —55 to 


+85°C range. The PPA-6232 is 
housed in a %-in* package that can 
maximize component density on mi- 
crostrip pe boards. $450. 

Avantek Inc, 3175 Bowers Ave, 
Santa Clara, CA 95054. Phone (408) 
943-4296. 


Circle No 352 


ATTENUATORS 


@ Provide precision tone or volume 
control 
© Low-profile package 


Designed for precision tone- or vol- 
ume-control applications, the Step- 
ped Attenuators feature a low-pro- 
file package that requires little 
more than 0.25 in. behind the panel. 
The units come in —50-, —60-, and 
—70-dB tapers with 22 detent posi- 
tions. A linear taper version with 11 
detent positions is also available. 
The parts’ standard resistance val- 


ues range from 10 to 100 kQ. Their 
error is lower than 0.5 dB at each 
step, and their resistance tolerance 
is +5%. The wiper, shaft, and resis- 
tance element can withstand 
200,000 revolutions. A wide variety 
of shaft styles is available, as are 
pe-board or solder-lug-type termi- 
nals and several mounting options. 
From $9.69 (1000). Delivery, 12 
weeks ARO. 

Bourns Inc, 1200 Columbia Ave, 
Riverside, CA 92507. Phone (714) 
781-5050. TWX 910-332-1252. 

Circle No 353 
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ANOTHER 


FIRST FROM 
OAE 


One OMNI can program and test everything from 


micro-power PLDs to fully populated PC boards. 


¢ 100% laser trimmed for high speed 


The Ultimate Programmer. OAE has 
drawn upon 12 years of research and 
manufacturing experience to develop 
the ultimate software configured pro- 
grammer. 


The OMNI combines high-power, 
high-resolution, software configured 
pin drivers with a huge database of 
PROMs, EPROMs, EEPROMs, EA- 
ROMs, PLDs, microprocessors and 
ASICs (Application Specific ICs) to 
eliminate 
costly and 
outdated 


configuration modules and program- 
ming adapters. 


The OMNI’s patented pin drivers let 
you program and test more devices 
than any other system. The OMNI 
provides unlimited support from bi- 
polar diode arrays to micro-power 
CMOS PLDs like the HPL-16LC8. 
And now you can program hybrid 
modules and complete PC boards with 
the OMNI 64. 
Want to enter your own test and 
programming parameters? Just use 
the optional parametric editor to 
screen every device programmed to 
your own specifications. 
¢ 100% Software Configured. 
¢ Fast, high voltage, high current pin 
drivers can supply +-1.5A continu- 
ous to +-10A peak at each pin. 
Over 4,000 steps of voltage and cur- 
rent resolution and subnanosecond 
timing resolution. 


and accuracy. No calibration is 
ever required. 
Plug compatible with over 350 dif- 
ferent computers. 
Add over 20,000 new devices by 
modem, diskette, or RLB module. 
The OMNI 64 supports ALL pack- 
age types, including SOs, LCCs, 
PLCCs, PGAs, DIPs, SIPs, etc. 

¢ Free library updates for 2 years. 

¢ Small, portable and easy to use. 


Prices start at just $3250. 


QANE 


Oliver Advanced Engineering, Inc. 
320 West Arden Street 

Glendale, CA 91203 

(818) 240-0080 

(800) 828-0080 or 

(800) 423-8874 in California. 

TWX (510) 600-8099 
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COMPONENTS & POWER SUPPLIES 


Model CPU20 with 
Dual-Ported, One 
kbyte, SRAM Mail 
Box for Multipro- 
cessor Applications 


Standard Features 

42 Bit-Wide Address & Data 
Range. 

Clock Rates = 12.5 & 16. 

One Mbyte (4 Mbyte ) DRAM 
with Parity Option. 

One Mbyte EPROM Space. 

SCSI Interface. 

Two Serial Ports 

® RS 232C 

One Parallel Port 

® 24-Bit Counter/Timer 

NOVRAM 


® An SRAM that saves special 
or user-definable variables. 
even at Power Fail or 

Power Down. 


Special Features 

Four LEDs. 

Four-Digit Programmable 

Alphanumeric Display. 

Four Soft Touch Control Buttons 
with LEDs. 

EPROM Space = One 32-Pin Socket. 


Marketed in the US by 
Dage Precision Industries Inc. 


OUTPUT MODULES 


® Switch 60V in 50 psec 
® Handle 5A surge currents 


The DO 061 dce-output SIP (single 
in-line package) modules switch 
loads of 60V at 1A as fast as 50 psec. 
Two versions are available. The 
061A has an on-state input control 
range of 3 to 9V de and currents of 


BASU 


NEW 
68020/SCSI 
Combo 


Options 
FPU (MC68881 ) & PMMU Piggy Back 


7.4 to 30 mA. The turn-on and turn- 
off times are 50 wsec. The 061B has 
an on-state control range of 1.6 to 
9V de at currents of 2 to 30 mA; the 
turn-on and turn-off times are 50 
and 150 psec, respectively. Both 
units can handle loads of 3 to 60V de 
at currents of 20 mA to 1A, with an 
on-state voltage drop of 1.5V de 
max. The units can handle 5A surge 
currents for 1 sec. They operate 
over —30 to +80°C (above 60°C, 
they’re derated 10 mA/°C). If you’re 
going to switch inductive loads, it’s 
best to use diode suppression across 
the load. 061A and 061B, each $4.35 
(1000). Delivery, four to six weeks 
ARO. 

International Rectifier, Crydom 
Div, 1521 E Grand Ave, El Segun- 
do, CA 90245. Phone (800) 245-5549; 
in CA, (218) 322-4987. 

Circle No 354 


PRESSURE SENSOR 


© Operates with a voltage or cur- 
rent source 
@ Has +0.1% accuracy 


The Model 410 is a general-purpose 
piezoresistive pressure sensor that 
is housed in a DIP for easy mount- 
ing on a pe board. It uses a 5-pin 


PO Box 120A, Santa Clara, Ca 95052 Operating Systems 


Ph. (408) 727-1932 open-bridge resistor format, so it 
can be excited with either a voltage 
or a current source. It comes in 
gauge, absolute-, and differential- 
pressure versions, each of which is 
available in two performance 
grades: 0 to 2 psi and 0 to 100 psi. 
The gauge version is compatible 


with a wide range of liquid and gas 


OS-9 
PDOS 
UNIPLUS+ 


( “Microware ) 
( “Eyring ) 
( “Unisoft ) 


European Headquarters 

MicroSys GmbH, Anzinger Str. 1 
D-8000 Munich 80, Ph. (89 )64801-0 
TLX 5213288 mibad 
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TURN BAG 
MICROPROCESS 


Now see what your 


hardware and software 
are really doing, in real 
time, without waiting for 


problems to repeat. 
Nothing else comes 


close to tools like these 
in Tek’s DAS9200 Digital 


Analysis System: 


= Register 
deduction. 


Acquire and disassem- 


ble up to 32K samples 
of processor activity. 
The DAS9200 can 
show you the contents 
of the register before 
the problem occurred! 


= Stack deduction. 
Similarly, you can 
scroll through 
changes in a stack 
model and end the 


#3 


painstaking process of 
tracking contents by hand. 


= Data display. Watch as 
your variable space is modi- 
fied by the software. No more 
trial-and-error to it—you can 
see when variables get 
clobbered. 


i 
} 


oc 
sl 


K THE CLOCK ON 
OR PROBLEMS! 


= Subroutine trace. Follow 
the flow of high-level lan- 
guage subroutines using 
address symbolics. 


= Performance analysis. 

Plot execution times, times 

within subroutines, and more, 

for an invaluable graphic 
overview. 


Monitor and inte- 
grate up to six 8-, 
16- or 32-bit micros 
at once! Thats just 
one of many other 
ways the DAS9200 
helps you beat the 
clock in system 
design. lo learn 
more, contact your 
local Tek represen- 
tative. Or call: 


1-800-245-2036. 
In Oregon, 231-1220. 


Circle 100 for Literature 


Circle 101 for Sales Contact 


Copyright © 1987, Tektronix, Inc. All rights reserved. LAA-434 


Tektronix 


COMMITTED TO EXCELLENCE 


COMPONENTS & POWER SUPPLIES 


media. Various lead and _ pressure- 
tube configurations are available for 
customizing the package for specific 
applications. The sensor has an ac- 
curacy of +0.1%, and its typical 
output span is 100 mV. $8 (OEM 
qty). 

IC Sensors Inc, 1701 McCarthy 
Blvd, Milpitas, CA 95035. Phone 
(408) 482-1800. 

Circle No 355 


DC/DC CONVERTER 


@ —25 to +85°C operating range 
® Features input and output 
filtering 


The PWR5038 2.75W de/de convert- 
er provides outputs of 5 and +15V 
from a 5V input. The 5V output is 
regulated and guaranteed to main- 
tain the TTL supply level over speci- 
fied temperature, line, and load con- 
ditions. Isolation between outputs 
and between input and output is 


d00V de. The barrier leakage cur- 
rent (100% tested at 240V de) equals 
® WA. This converter features input 
and output filtering, 6-sided shield- 
ing, input overvoltage protection, 
and output short-circuit protection. 
The operating temperature range is 
—25 to +85°C. All units are barrier- 
voltage tested to the requirements 
of UL544, VDE750, and CSA22.2. 
$26 (1000). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TLX 666491. TWX 910-952- 
1111, 

Circle No 356 


POWER SUPPLY 


@ Provides 200A at 5V 
@ /ncludes 2-stage overtempera- 
ture protection 


The Model SA1000-3104 is a 1-kW 
switchmode power supply that de- 
livers 5V at currents as high as 
200A. You can adjust the output 
voltage by +2% with a potentiome- 
ter, or you can digitally program the 
output voltage to between 4.2 to 
0.75V. The supply’s line regulation 
is 10 mV max over the full operating 
input-voltage range, and its zero- to 
full-load regulation is 20 mV max. 
The power supply operates from line 
input voltages ranging from either 
90 to 1385V or 180 to 265V, at a 
frequency of between 47 and 63 Hz. 
Its thermal protection includes a 
high-temperature alarm output that 
is activated at 50+5°C, as well as an 
overtemperature alarm output that 
is activated when the power-supply 
temperature exceeds 75+5°C. The 


Where to find almost any 


test environment on Earth. 
Plus afew that arent. 


All at one location. 
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Lockheed’s Environmental Test Laboratory 
provides complete environmental, electromag- 
netic interference/compatibility and stress 

screening services on a 24-hour-per-day basis. 


We have 26 years’ experience testing all 
types of equipment under carefully controlled 
laboratory conditions. Whether your specifica- 


=SlLockheed Electronics 


may seem. 


tions are military or commercial, were fully 
equipped to handle your climatic/atmospheric 
simulation, structural, enclosure or noise 
testing, and much more. 

Call Jack Glavine at (201) 757-1600 
Extension 2267 or 2227 with your equipment 
test specifications. However impossible they 
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COMPONENTS 
& POWER SUPPLIES 


supply automatically shuts down a ee 


vithin 10 to 30 see of an overtem- Easiest IEEE 488 board for your PC- 


erature alarm. It also provides out- | . : 
yut overvoltage and overcurrent .=—ir—SsSsesS GUARANTEED! 
yrotection. For applications requir- _—=—seCT 
ng more than 200A, you can add 


_ JOtech Personal488* — Typical IEEE board 


lave units to the power supply. The 0 OPEN "\DEWEEEOUT’ For ouTpuTAS#1 With "CALLS"* 
. QO PRINT #1."ABORT’ > | 
3A1000-3104 measures 8X4.5X11 | RINT#L"CLEARIO) | One ee 
. eee 20 IBINIT = $0000! 
n. From approximately £500. _ a OUIFUTIORSISS = IBINITO = INIT +3 
. a — . === BLOAD bib’ IBINIT 
Astec Europe, High St, Wollas- | .—— CS CALL IBINIT CBPIND, IBTRG.IBCLR, 
: : | - : IBPCT, IBSIC. IBLOC, IBPPC, IBPPC, 
on, Stourbridge, W Midlands BY8 ——*“###N’”: «CC CCUGBBNNA, IBONL. IBRSC, IBSRE, IBSRV, 
1PG, UK. Phone (0384) 396171. CC ____ IBPAD, IBSAD, IBIST, IBDMA. IBEOS. 
— _CIBIMO.IBEOT) _se#8N . 
Circle No 357 _ IBCMDA. IBRD, IBRAD, IBSTOP, IBRPP, 
Astec (USA) Ltd, 2880 San oe 


[Thomas Expressway, Suite 200, 
Santa Clara, CA 95051. Phone (408) 
(48-1200. TLX 6839191. 
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DELAY LINES 


@ Inputs and outputs feature 
Schottky inverter buffers 
@ Offer delays to 1000 nsec 


The EP9810 Series active delay 
lines provide five equally spaced 
taps. The 33 members in the series 
cover total delay values from 25 to 
1000 nsec, +5% or 2 nsec, whichever 
is greater. The delay-line input and 
the five output taps are buffered by 
a Schottky inverter. The output rise 
time is 4 nsec max for units with 
delays less than or equal to 500 nsec, 
and 5 nsec for units with greater 
delays. The units are housed in 
14-pin DIPs and operate over the 0 
to 70°C range. $1.60 (1000) for the 


100-nsec unit. Delivery, stock to six a 
weeks ARO. : Ta a 
PCA Electronics Inc, 16799 2 ap enion 
renee Mien ying lieas 73400 Aurora Road * Cleveland, Ohio 44146 
; aes . : * Both programs clear the bus and configure a digital multimeter. 


Circle No 359 If you already own a compatible IEEE board our Driver488 software 
makes it /EEE-Z. 


[Otech products are backed by a 30-day 
money back guarantee and 2 year warranty 
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NEED SINGLE BOARD 
PC-BUS 
COMPUTERS? 
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*100-up quantities 
® Reliable: Low component count 
(50-60% fewer parts) 


® Efficient: Low power requirements 
(AT and 386, 12 watts max at 5 VDC) 


® Modern design: Passive back- 
plane (Uses standard size plug-in 
Cards) 

® Fast: Selectable clock speeds on 
AT, 386 (AT to 10 MHz, 386 to 16 MHz) 


® Large memory capacities: 
XT=640K, AT=1 Meg, 386= 16 Meg! 


Completely compatible single board com- 
puters from Texas Microsystems. For 
detailed specifications and prices, contact 
your nearest Sales office, or 


TEXAS MICROSYSTEMS 

(HC ORPORATED 

10618 Rockley Road ¢ Houston, Texas 77099 
(713) 933-8050 

Designers and manufacturers of quality 

computers for more than a decade 


©1987, Texas Microsystems Incorporated 
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DISPLAYS 


@ 120° viewing angle (min) 
@ 10,000-hour lifetime 


The ELI1C de electroluminescent 
display panels feature a 25-fL lumi- 
nance with no more than 30% degra- 
dation at 10,000 hours of life. Two 
basic units are offered, both of 
which have a 640X200-pixel display 
area. The EL1C-I000 has a 2-to-1 
aspect ratio, and the EL1C-G000 
has a 1.4-to-1 aspect ratio. The 
width of the total package, includ- 
ing display and drivers, measures 
0.575 in. The viewing angle equals 
120° min, and the operating range 

measures () to 55°C. $385 (5000). 
Cherry Electrical Products 
Corp, 3600 Sunset Ave, Waukegan, 

IL 60087. Phone (312) 360-3500. 
Circle No 360 


RELAY 


@ Provides 1A switching in a 0.78- 
cm’ package 

® Suitable for automatic insertion, 
solvent cleaning 


Although they’re housed in a pack- 
age that measures only 
12.9X7.626.99 mm, the P1 relays 
have a switching power rating of 
30W or 60 VA. The relays have a 
maximum switching and continu- 
ous-current rating of 1A and a 
switching-voltage rating of 150V de 
or 125V ac. At a reduced duty cycle, 
they can operate at 250V ac or de. 
Their contact resistance is 100 mQ, 
and they spec a mechanical lifetime 


of 10° operations. The relays have 
contact-to-coil isolation to 1500\ 
rms, and contact-to-contact isolatior 
to 500V. They are available for nom 
inal coil voltages of 5, 12, 15, anc 
24V. Their response, changeover 
and release times are approximately 
1.0, 0.9, and 0.35 msec, respective- 
ly. The contact space is encapsu- 
lated and the contact atmosphere is 
protected by a getter. The package 
has leadouts on a 0.2-in. grid with 
creepage and clearance spacings 
that meet the requirements of 
VDE-0110 (250V ac, 300V de). The 
relays are sealed to IP-67 and are 
suitable for solvent cleaning. 

Siemens AG, Zentralstelle fiir In- 
formation, Postfach 103, 8000 Mu- 
nich 1, West Germany. Phone (089) 
2340. TLX 5210025. 

Circle No 361 

Siemens Components Inc, 186 
Wood Ave S, Iselin, NJ 08830. 
Phone (201) 321-3400. 
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BACKPLANE 


® Available in five sizes 
@ Features 4-layer construction 


This VSB (VME system bus) back- 
plane is designed for use in uP ap- 
plications in high-performance 
32-bit VME systems. It permits 
faster, more effective memory ex- 
pansion without overcrowding the 
J1 backplane, the vendor claims. 
The backplane is available in 2-, 3-, 
4-, 5-, and 6-slot versions. It fea- 
tures 4-layer construction (signal/ 
oV/ground/signal) and is impedance 
matched. The device plugs onto the 
standard wire-wrappable tails of 
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DuPont RYNITE beats the heat 


of vapor phase and wave soldering 


RYNITE’ thermoplastic polyester resin withstands 419 F in 
vapor reflow, 525 F in under-board wave soldering 


Component manufacturers are 
capitalizing on the 435°F (224°C) heat 
deflection temperature of RYNITE* 
PET, a polyethylene terephthalate, to 
beat the heat of wave and vapor phase 
soldering. RYNITE also offers a UL 
temperature index of up to 155°C. 


Du Pont Connector 
Systems 


DuPont Connector Systems 
chose RYNITE over PPS for a new line 
of slotted header connectors that resist 
the 419°F of vapor phase soldering 
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and the 525°F of under-board wave 
soldering. DuPont Connector Systems 
selected RYNITE because it exhibits 
greater elongation and is less abrasive 
on the mold than PPS. 
Midcom bobbin 

Midcom, Inc. 
uses RYNITE for 


bobbins that main- 
tain their shape even 
under the 525°F 
heat of underboard 
wave soldering. a 
Midcom chose RYNITE polyester 
for better molding performance and 
for cost savings. 
Ericsson connector 

L.M. Ericsson replaced PBT poly- 
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ester with RYNITE” PET in the edge 
connector (below) because RYNITE“ 
PET polyester withstands vapor phase 
soldering at 419°F for one full minute. 
RYNITE also resists the solvents used 
in cleaning soldered boards 
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Get more information by calling 
for a sales presentation. Or for free 
literature write to DuPont Company, 


Room X50505, Wilmington, DE 19898. 


Dial DuPont First/(302) 999-4592 
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- Master Module’ Series 
Now up to 600 Watts 


Component Solutions For Your Power System? 
Talk To VICOR! 


INPUT POWER OUTPUT Multiple Output 


Nominal (Range) —_Up to 600 Watts Nominal (Adjustable) 


VI-P000 Series (Dual Output) 


300 (200-400) VDC " i" 
150 (100-200) VDC | up to 400W 4.9” x 4.9” x 0.62 


43 140.60) VDC VI-Q000 Series (Dual Output) 
36 (20-56) VDC up to 600W 7.32” x 4.9” x 0.62” 
24 (20-32) VDC 48 (0-52) VDC 


12 (1020) VOC — EFFICIENCY VI-R0000 Series (Triple Output) 
up to 600W 7.32” x 4.9” x 0.62” 


Call VICOR today for our new Catalog 
VICOR Corporation, 23 Frontage Road, Andover, MA 01810 


Tel: 617-470-2900, TWX: 910-380-5144, FAX: 617-475-6715 
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the 96-pin DIN connector on the J2 
backplane without interfering with 
the power terminals or harness on 
the J2. From $123. 

Mupac Corp, 10 Mupac Dr, 
Brockton, MA 02401. Phone (800) 
225-0398; in MA, (617) 588-6110. 
TWX 710-345-8458. 
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PRESSURE SENSOR 


@ Accuracy of +0.5% 
@ Can handle most harsh media 


The Model 81 pressure sensor is 
available in gauge and sealed-gauge 
ranges of 0 to 5 psi to 0 to 200 psi 
and in absolute ranges of 0 to 15 psi 
to 0 to 50 psi. Its accuracy equals 
0.5%. The device has a 316 stainless- 
steel housing structure, which uses 
an oil column to couple a diffused 
piezoresistive sensor to a convoluted 
stainless-steel diaphragm. The dia- 
phragm can withstand most harsh 


media. Three external resistors 
(whose values are provided) are 
needed for temperature compensa- 
tion and calibration. The output 
span is nominally 100 mV for a 1.5 
mA supply current. The typical 
bridge resistance is 5 kN. $50 (OEM 
qty). Delivery, stock to six weeks 
ARO. 

IC Sensors Inc, 1701 McCarthy 
Blvd, Milpitas, CA 95035. Phone 
(408) 482-1800. 
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MOTOR-DESIGN KIT 


® Contains piezoelectric materials 
@ Lets you scale one experiment 
ito many designs 


This Motor/Actuator kit lets you 
quickly evaluate the feasibility of 
using piezoelectric materials in your 
applications. The kit contains 1-lay- 
er thin-sheet piezoceramic material, 
2-layer laminated piezoceramic 
stock, a motor/actuator manual, sol- 
der, and flux. You can use the ele- 
ments in the kit to construct bend- 
ing motors, extension motors, and 
stack motors. Because the piezoe- 
lectric effect is reversible, you can 
use the same elements to construct 
piezoelectric sensors and genera- 
tors. The manual contains practical 
design techniques to help you 
model, fabricate, and test a proto- 
type actuator as rapidly as possible. 
It also provides equations for free 
deflection, blocked force, resonant 
frequency, maximum stress, and ca- 


— i ighlengn ‘ ormance 


Off : the HK68/V2F's standard iecienen a 
"Peo aa Genel oO TT | | 
_» Up to 4MB of on-board DINAN with 
_—= parity: = 128K EPROM * | 
= Mailbox interrupt support i. VSB 
compatible memo « oe bus 


Take Heurikon’s HK68/V2F for a test-lap today. 


Call toll-free: 1-800-356-9602 (ext. 405). 
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A compact 553 that carries a busload 


The UT1553B BCRT data bus system 
proves that big things do come in 
small packages. It’s loaded with 
features including both MIL-STD- 
1553B Bus Controller and Remote 
Terminal functions and advanced, 
specialized memory management — 
all on one low-power CMOS chip. 
It’s the next generation product 
in our 1553 family. The BCRT was 
designed to reduce host intervention 
with automatic DMA and address 
generation. It automatically executes 
message transfers, provides 
interrupts, and generates status 
information. UTMC’s BCRT allows 
you to implement a pseudo-trans- 
parent dual-port RAM configuration. 
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The BCRT’s bus controller uses 
a linked-list message scheme to pro- 
vide the host with message “chaining? 
Memory space is optimized by using 
programmable address pointers. As 
an RT, the BCRT implements time 
tagging and message history 
functions. It also supports multiple- 
message buffering — up to 128 — 
including variable-length messages 
to any subaddress. 

The BCRT complies with the 
standard LAN used for military 
systems while meeting selected tests 
in MIL-STD-883C. It is available 
in §4-pin LCCs, PGAs, or Cerquads. 

Don’t miss the bus on your 1553 
system needs. Call UTMC. 
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Product Marketing 

United Technologies 
Microelectronics Center 

1575 Garden of the Gods Road 
Colorado Springs, Colorado 80907 
1-800-MIL-UTMC 


WV TECHNOLOGIES 
7 MICROELECTRONICS 
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pacitance; you can use the equations 
to scale one experiment into many 
designs. $399. 

Piezo Electric Products Inc, 186 
Massachusetts Ave, Cambridge, 
MA 02139. Phone (617) 547-1777. 
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DISPLAY MODULE 


@ Single-supply operation 
@ Designed for OEM applications 


The Model 3601-87-032 5x7 dot-ma- 
trix, 2-line x 16-character vacuum- 
fluorescent display module is de- 
signed for OEM applications. An 
onboard »P controller handles all 
sean, refresh, and data I/O tasks, 
easing the interface with an 8-bit 
parallel data bus. Only 5V de power 
is required for operation. The mod- 
ules display the full 96-character 
ASCII font of upper and lower case 
letters, numbers, and symbols. The 
display characters are blue-green, 


but a variety of color filters is avail- 
able to fit almost any application. 
$87 (100). Delivery, four to six 
weeks ARO. 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. TLX 4720556. 
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TRIACS 


@ Rated for 6 or 8A rms, 200 to 
600V 

e Have specified commutation 
conditions 


The BTA06 and BTAO8 triacs speci- 
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Take. Heuriko 
Call toll-free: 


fy the necessary (dI/dt), and 
(dV/dt),. conditions during commuta- 
tion, so you can determine the maxi- 
mum current that the triacs can 
control without the risk of spurious 
firing. With this information, you 
can better predict the triacs’ perfor- 
mance when you make a tradeoff 
between sensitivity and switching 
capability. The BTA06 is a 6A rms 
triac with an Ic; rating of 5 mA; the 
BTA08 is an 8A rms triac with an 
Igr rating of 10 mA. Both devices 
are available with voltage ratings of 
between 200 and 600V. BTA06, 
$0.56; BTA08, $0.80 (1000). 

Thomson Semiconducteurs, 45 
Ave de |’Europe, 78140 Velizy, 
France. Phone (1) 39469719. TLX 
204780. 

Circle No 365 

Thomson Components-Mostek 
Corp, 1310 Electronics Dr, Carroll- 
ton, TX 75006. Phone (214) 466- 
6000. TLX 730643. 
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The HK68/VE is an economically-priced 
VME convertible with plug-in modules 
that allow for easy customization. 

This 16-bit board is versatile enough to 
handle rough ° 
tions, as in data acquisition or control" 


‘real-time’’ road condi- 


Standard equipment includes: 


. = * Motorola 68010 CPU ® Up to IMB 


~of- on-board DRAM with parity 
» Up to 256K,EPROM ® 16-bit 
iSBX connector ® 2 Serial Ports 
# Mailbox/interrupt support 
Options include 4-channel 
DMAC, 68881 Floating Point 
Processor module and 
SCSI interface module. 


| K68/VE. for a spin’ Ceday> . 
y -800- 356-9602, (ext. 406). 


3201 Lathany’ Drive 2 ‘Madison, WI 53713 


The Communicators 


ree! 


Innovative, Compact Communication Equipment 
from Triplett Saves You Time and Energy, 


Triplett’s full family of communication products features Standard Testers. Economic, standard KS and CK testers 
sonic technology and high industry standards. This firmly exceed normal criteria. 

positions Triplett as the worldwide leader in test equipment 
and panel instrumentation. 


Triplett’s accurate communication equipment ts backed by 
an exclusive three-year warranty. 

Loop Testers. Compact Loop Testers offer several 
combinations of testers in one convenient case. This means 
less equipment to carry and less wasted space. 


For the finest in high-tech communication testers, look to 
Triplett, the company America has trusted for more than 

80 years. 

Fiber Optic Power Multimeters. Both the short-wavelength For more information. call 1-800-TRI-PLET ext. 3( 
sensor and the long-wavelength sensor feature built-in, 

auto-ranging digital multimeters with 17 ranges and 


temperature sensors. \ 
r) TRIPLETT CORPORATION 


Cable Fault Locators. Sonic technology provides accurate A Penril Company 


measurement of cable to ensure savings in time and effort. Eicla daa tarteas denonstaton 


Check No. 55 on Reader Service Card For Literature 
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HEAT SINKS 


@ Designed to cool SIPs and ZIPs 
@ 6.5°C/W thermal resistance 


The Series 6380 heat sinks are de- 
signed specifically to cool ICs 
housed in a single in-line package 
(SIP) or a zigzag in-line package 
(ZIP). They dissipate heat in the 10 
to 15W range and feature standard 
solderable roll pins. Roll pins with 
standoffs are available as an option. 
At a 75°C mounting-surface temp- 
erature rise, the thermal resistance 
is 10°C/W for the 1-in. 6380B, 
7.9°C/W for the 1.5-in. 6381B, and 
6.5°C/W for the 2-in. 6382B. The 
devices are screw mounted through 
two holes on 0.78-in. centers in the 
device tab. The heat sinks are also 
available with optional self-clinch- 
ing fasteners or threaded studs for 
easy assembly. $0.56 (1000) for the 
6380B. 

Thermalloy Inc, Box 810839, 
Dallas, TX 75381. Phone (214) 245- 
4321. 
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DC/DC CONVERTER 


@ 1500V input/output isolation 
@ Design eliminates high inrush 
currents during turn-on 


The PWS725 converter supplies +7 
to +18V de outputs at +40 mA. The 
galvanic input-to-output isolation 
(100% tested at 4000V de) is guaran- 
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teed at 1500V rms. The converter 
specs a 1.2-~A leakage current (at 
240V ac, 50/60 Hz) and a 9-pF leak- 
age capacitance. The converter in- 
cludes an oscillator, a driver circuit, 
de switches, a transformer, internal 
filter capacitors, and a rectifier. A 
soft-start oscillator design ensures 
full operation of the oscillator before 
either MOSFET driver turns on, 


protects the switches, and elimi- 
nates high inrush currents during 
turn-on. Input current sensing pro- 
tects both the converter and the 
load from possible thermal damage. 
$21.80 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TLX 666491. 
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can simulate it. 


for the worst. 


e Brown-outs and dropouts 
e DC line interruption 
e Fast pulses 
e High energy pulses 


The efficient way to go 


Power line interference... 
if it can happen, Schaffner 


Schaffner’s NSG 200 Series of Power Line 
_ Fautt Simulators can prepare your equipment 


Designed-in protection is your best defense against power 
line interference. That’s the idea behind the NSG 200 
Series. By simulating power line interference that can affect 
your equipment, the NSG 200 allows you to determine, in 
the design stage what problems must be overcome. This 
way, you can design the solution right in. 


The NSG 200 Series can simulate: 


Alternate solutions: surge arrestors or uninterruptible power 
systems... .both are too costly and too late. Only a Schatiner 
simulator helps you anticipate the dangers and make appro- 
priate design changes before going on-line. For more 


e Medium energy pulses 
e Data line interference 
e Interference bursts 

e Telephone system interference 


information about the 
NSG 200 Series, and all 
three dimensions of A 
Schaffner EMC, callor $7 
write today. 


e RFI Suppression Filters e EMC Test Equipment e Test and Application Services 
Schaffner EMC, Inc., 825 Lehigh Ave., Union, NJ 07083 201-851-0644 © 1-800-367-5566 
Switzerland: Schaffner Elektronik AG, CH-4708 Luterbach, Switzerland/Telefon 065 4231 31 
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NEW PRODUCIS 


COMPUTERS & PERIPHERALS 


LAN 


© Provides low-cost networking 
@ Has an interface card for the 
G64 bus 


Sycom is a local-area network for 
use in industrial control applica- 
tions. It uses low-cost twisted-pair 
cabling, a multidrop network topolo- 
gy, and a token-passing protocol. 
Transmissions over the LAN use 
Manchester-encoded, 1M-bps, RS- 
422-level data transfers. You can 
connect as many as 256 nodes to the 
network by using simple T-connec- 
tors. The company’s current inter- 
face offering is a single-Eurocard 
G64 bus board, which provides a 
token-bus controller chip, Manches- 
ter encoder, and RS-422 LAN driv- 
er. It also has an interface for a 
user’s modem or an alternative 
transmission medium. Software 
support for the board includes a 


driver for message delivery over the 
LAN and an OS-9 network file 
structure. Interface cards for VME 
Bus systems and IBM PCs are 
planned. The G64 bus LAN inter- 


face card costs £398. 

Syntel Microsystems, Queens 
Mill Rd, Huddersfield HD1 3PG, 
UK. Phone (0484) 535101. 
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KER INTERFACES 


® Compatible with DOS-based lan- 
guages 

@ Provide vectoring on service re- 
quests 


The Personal488/2 and Personal488/ 
2A are plug-in boards for the IBM 
Personal System/2-50, 60, and 80. 
The 488/2 supports DMA transfers 
to 330k bytes/sec, and the 488/2A 
can execute DMA transfers as fast 
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as 1M bytes/sec. The boards are 
compatible with all DOS-based lan- 
guages and remain part of the DOS 
once installed—that is, they don’t 
need to be loaded each time you use 
the system. The boards feature 
built-in error checking that allows 
them to stop a program and notify 
you when a syntax error or a bus 
time out occurs. They offer full 
IEEE control for as many as 14 bus 
devices. The boards also provide 
vectoring on service requests, al- 
lowing a Basic program to act on 
these conditions without polling 
routines. They have seven software- 
selectable interrupt levels, 15 selec- 
table DMA arbitration levels, and 
256 selectable base addresses, and 
no DIP switches or jumpers. Per- 
sonal 488/2, $495; Personal 488/2A, 
$595. 

IOtech Inc, 23400 Aurora Rd, 
Cleveland, OH 44146. Phone (216) 
439-4091. 
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PRINTER 


@ 24-pin printer prints at 450 cps 
in draft mode 

@ bit-image graphics with resolu- 
tion to 360X860 dots/in. 


The Microline 393 is a 24-pin printer 
that offers four print speeds: 450 eps 
in a high-speed draft mode; 360 eps 
in a utility mode; 180 eps in a near- 
letter-quality mode; and 120 eps ina 
letter-quality mode. Front-panel 
buttons select print speed, pitch 
(epi), and font. It offers a “paper 
park” feature that lets you insert a 
single cut sheet without removing 
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THE FIRST 


PROGRAMMER WITH A 


SINGLE SITE FOR EVERY DEVICE. 


NEW UNISITE 40 HANDLES LEADING- 
EDGE DEVICES WITH SPEED AND EASE. 
Now you can program and test the 
latest programmable devices and 
packages, fast and accurately — all in 
a single site. The first true universal 
pin drivers support any device of a 
given package type in the same site. 
The UniSite™ 40's single DIP socket 
handles any device up to 40 pins, 
including PLDs, PROMs, IFLs, 
FPLAs, EPROMs, EEPROMs, and 
microcontrollers. The same site 
accommodates the most popular 
PLCCs and SO packages. A 16-bit 
processor, coupled with custom ICs 
and high-speed RAM, set new speed 
records for programming and testing. 


TIMELY ACCESS TO TOMORROW'S 
DEVICES. With universal pin driver 
electronics hardware, device-specific 
instructions can be loaded from one 


3%" micro-diskette. When new 
devices are introduced, you simply 
load a new master diskette, and the 
UniSite 40 is quickly updated. 


MENUS MAKE PROGRAMMING EASY. 
Use your cursor to select any func- 
tion. Menus prompt you step-by-step 
and HELP messages assist you 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/ Telex 15-2167 
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-5728 (818) 700-0691/ Telex 910-494-2681 

Data 1/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761/ Telex 06968133 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866 / Telex 16616 DATIO NL 
Data I/O Japan Sumitomoseimei Higashishinbashi Blidg., 8F, 2-1-7, Higashi-Shinbashi, Minato-ku, Tokyo 105, Japan 


(03) 432-6991/ Telex 2522685 DATAIO J 


©1987 Data |/O Corporation 
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throughout operation. A built-in listing 
of devices speeds part selection. The 
UniSite 40 can even save your most 
frequently used parameters for instant 
recall. 


SHORTCUTS SPEED SETUP. More fre- 
quent users can bypass menus and 
zoom directly to specific operations by 
selecting key commands. Special 
software commands, like the ones in 
our QuickCopy™ mode, are also 
available to streamline your program- 
mer operation. 


DESIGN FREEDOM FOR TOMORROW. 
Call today and get the design freedom 
only the UniSite 40 can provide. 


1-800-247-5700 
Dept. 811 


DATA I/O 


COMPUTERS & PERIPHERAIS 


the continuous form paper loaded in 
the printer. The maximum noise 
rating is 57 dBa with a special quiet 
mode of 54 dBa. A hinged tear bar 
allows you to remove printed mate- 
rial without wasting or reposition- 
ing the paper. It has a Centronics 
parallel port and an RS-232C inter- 
face. When interfaced to a comput- 
er, a software module emulates the 


Epson LQ series of printers. You 
can print bit-image graphics at reso- 
lutions to 360X860 dots/in. The 
printer comes in two models, black- 
only and color. Black-only model, 

$1399; color printer, $1499. 
Okidata, 532 Fellowship Rd, 
Mount Laurel, NJ 08054. Phone 
(609) 235-2600. TWX 710-897-0792. 
Circle No 400 


Widest selection 


of modular enclosures 


Collet safety knobs 


@ Firmer grip on shaft 
@ Mix or match colors 


(ELMA 


ELMA Electronic Inc. 
41440 Christy Street, Fremont, CA 94538 


A Member of the Sulzer Group 


Fully VME compatible! 


@ Completely insulated 
@ Free positioning 


@ Portable instrument cases 


from 3.5" to 10.5” height, 
8.4" to 16.8" width and 10.2” to 19.9" depth 


@ Universal case for rack-mount 
or table-top use from 3.5" to 15.75" 
height, up to 16.8” useable width, 
9.1" to 21” depth 


@ Card cages 3U to 9U for 160 to 400 mm 
deep boards (also for 4.5" x 6.5" 
standard boards) 


@ Full range of accessories (incl. VME 


components) available 


fy For further 
‘ nformation 
“ust call (415) 656-3400 
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1/0 BOARD 


® Can handle 64 analog inputs 
and 16 analog outputs 

® Data-acquisition rates as high 
as 19 kHz for the IBM PC 


The RTI-820 is an analog and digital 
I/O board that plugs into the IBM 
PC, PC/XT, and PC/AT. The digital 
portion has three 8-bit digital I/O 
ports that are compatible with solid- 
state-relay subsystems and the com- 
pany’s digital panels. The analog 
section contains a 12-bit A/D con- 
verter and a 12-bit D/A converter, 
which provide one channel of analog 
input and one channel of analog out- 
put, respectively. Multiple channels 
are connected to the interface pan- 
els by multiplexing several inputs 
and outputs to their respective 
channels. For nonisolated analog I/O 
applications, an external panel pro- 
vides 16 high-level (0-10V) single- 
ended analog inputs and four analog 
outputs. Four panels can have 64 
analog inputs and 16 analog outputs 
with data-acquisition rates as high 
as 19 kHz. A signal-conditioning 
panel accommodates as many as 16 
modules for isolated signal condi- 
tioning. The modules’ feature 
+1500V rms isolation, 160 dB com- 
mon-mode rejection, and +240V 
rms protection. RTI-820, $600; 
high-level panel, $350; isolation 
panel, $260. 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 461-3565. TWX 
617-461-3565. 
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Aeroflex announces the 
new math for 


Dual port RAM with 
8K words of memory 
and full memory 
management 


Low power dual 
redundant transceivers 


@ 
Dual decoder, encoder 
and protocol processor 
for Remote Terminal. 
Bus Controller and 
Bus Monitor 


You arelookingatthemost 0 | > for subsystem compatibility. 
powerful, flexible an ie d__‘ Forget using up valuable PC 
MIL-STD-1553B interfac that tto a ba’ um. __ boardreal estate. The ARX 2427 
rently available. Barnone. —_ doul ni i - isthe UBIU toremember when 

Now, inone2x3.1"pack- —_—— cor \ 1 ~—~—-~—«you want to solve your 1553 
age, this new ARX ini states. Dat addata. | problems—once—and for all. 
versal Bus Interfac UBIU) ir smany _—__s For additional information 
combines all the | ons. 0 : eet eARX call toll-free: 1-800-THE-1553 
takes three competitive hybri y th sefulof or TWX 510-224-6417. Or write 
to perform. Fact is, of all t : : Aeroflex Laboratories Inc., 


brids today, only the AR: fit |. ft sr- .—s- Microelectronics Division, 
reduces interfaceandhard- #$m AFROFLEX getspe- 35 South Service Road, 
ware time to absolute z . ’ ner MICROELECTRONICS Blue logic CIVCUNTY lesign = Plainview, NY 11803. 


flex Laboratories Inc., an ARX Inc. Co. 


The new HP PaintJet color graphics printer. 
Great color is only ¥2 the story. 
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MONOCHROME MONITOR 


@ Delivers 1600X1280-pixel resolu- 
tion 

© Display controller occupies one 
Macintosh IT slot 


The Vista 1600 is a 19-in. mono- 
chrome monitor with 1600 x1280- 
pixel resolution. It includes a dis- 
play generator controller card that 
occupies one expansion slot in the 
Macintosh II. It also runs with the 
IBM PC, PC/XT, PC/AT, and com- 
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patibles, as well as 80386-based sys- 
tems. When combined with the 
32-bit processing power of the Mac- 
intosh II, the monitor is suitable for 
such high-performance applications 
as CAE/CAD/CAM, medical imag- 
ing, and CASE. Its applications for 
IBM PC computers include desktop 
publishing, CAD, and program- 
ming-intensive applications such as 
expert-system development. The 
card occupies one slot in the PC and 
emulates the IBM CGA graphics 
standard. It has a noninterlaced 
screen that is refreshed at a 67-Hz 
rate and has a video bandwidth of 
200 MHz. It is compatible with Mi- 
crosoft Windows, AutoCAD, Lotus 
1-2-3, and Ventura Publisher. IBM 
version, $2395; Macintosh II ver- 
sion, $2195. 

Cornerstone Technology, 175A 
E Tasman Dr, San Jose, CA 95134. 
Phone (408) 433-1600. TWxX 910- 
250-0853. 
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BOARD SET 


© VME Bus board set runs on 
converged Unix 

© Implements a Sun-3 workstation 
mm a flexible package 


The Sun-3 Eurocard is a VME Bus 
board set that runs on the compa- 
ny’s converged Unix operating sys- 
tem. Three boards can implement a 
complete Sun-3 workstation. The 
board set consists of a CPU board 
with a 20-MHz 68020 wP, 4M bytes 
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— pescript!© 
Desktop color 


It can also print a page of text 


in 30 seconds flat. 
G HEWLETT 


PACKARD 
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of main memory, and the converged 
Unix operating system; a mono- 
chrome video frame-buffer interface 
board; and SCSI and Ethernet 
boards. Each double-height Euro- 
card board measures 233x160 mm. 
The boards are suitable for rugged 
applications. Because of their size 
and modularity, they are useful in 
embedded systems. CPU board, 
$7700; Ethernet/SCSI board, $2300; 
video board, $1800. 

Sun Microsystems Inc, 2550 Gar- 
cia Systems, Mountain View, CA 
94043. Phone (415) 691-6424. 
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VOICE RECOGNITION 


e Has 400-word-recognition vocab- 
ulary 

@ Provides unlimited teaxt-to- 
speech synthesis 


The IntroVoice VI is an add-in 
board for the IBM PC/XT, PC/AT, 
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and compatibles that combines a 
voice recognition of 400 words with 
an unlimited text-to-speech synthe- 
sis. It accomplishes speech recogni- 
tion by measuring and comparing 
the sound energy in a 16-channel 
audio-spectrum analyzer over a 
48-dB dynamic range. The board 
allows for as many as 1000 charac- 
ters per spoken word; the duration 
of each spoken word can be 0.08 to 
1.25 sec. To operate in the recogni- 
tion mode, the board uses PC-DOS, 
MS-DOS, or Basic. If a spoken ut- 
terance is different from the train- 
ing samples, a routine looks for the 
closest match. The unit has a pro- 
grammable rejection threshold that 
provides a built-in safeguard to pro- 
tect against false recognition. When 
the board recognizes a word, it 
sends an associated keystroke se- 
quence (of as many as 1000 key- 
strokes per word) to the computer, 
as a keyboard does. The board re- 
quires 100k bytes of memory for I/O 


software. The IntroVoice VI, witha 
handheld microphone, costs $595. 
The Voice Connection, 17835 
Skypark Circle, Suite C, Irvine, CA 
92714. Phone (714) 261-2366. 
Circle No 404 


V/O BOARDS 


@ 750-kHz data acquisition on the 
IBM PC/AT 

e Transfers data over an external 
port to the processor board 


The DT2841 Series is a set of analog 
and digital I/O boards for the IBM 
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High-Accuracy 


SIP R 
Networks 


@ Delivery of 
CUSTOM DESIGNS 
within 6 weeks 


e LOW COST due to 
innovative process 
improvements 


© For applications 
such as: 
matched pair 
Voltage Dividers 
Gain Control 
Ladder Networks 
thin film Attenuators 


@ SIP packaging for 
space Savings 


Thin Film Technology Corp. 
1980 Commerce Drive 


No. Mankato, Mn. 56001 
507/625-8445 
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PC/AT. The series provides 12- or 
16-bit A/D inputs and two 12-bit 
D/A outputs. The boards use an 
external I/O port (called DT-Con- 
nect) to transfer data to a processor 
board (such as the company’s 
DT7020 array processor); this meth- 
od avoids the slower IBM PC/AT 
bus. The models differ in their ana- 
log input characteristics and 
throughput speeds. Inputs can be 
two sets of 4 SE (single-ended), 4 DI 
(differential-input), 8 DI, or 16 SE, 
depending on the model. A/D 
throughputs can range from 40 kHz 
to 750 kHz. The two D/A channels 
can provide either single or dual 
simultaneous outputs at rates as 
high as 180 kHz/channel. In addi- 
tion, each board contains 16 lines of 
digital I/O organized as two 8-line 
ports. Each port can be _ pro- 
grammed for input or output trans- 
fers. Two pacer clocks allow input 
and output operations to occur si- 
multaneously at the same or differ- 
ent rates. Prices range from $1450 
to $2995, depending on the model. 
Data Translation Inc, 100 Locke 
Dr, Marlboro, MA 01752. Phone 
(617) 481-3700. TLX 951646. 
Circle No 405 


EPROM EMULATOR 


®@ Emulates two 28-pin or 24-pin 
JEDEC EPROMs 

® Downloads assembler or compil- 
er code into EPROM sockets 


The Memulator 16 is a dual in-cir- 
cuit EPROM emulator that simulta- 
neously emulates two 28-pin or 
24-pin JEDEC EPROMs (2716 thru 
27256). It allows you to download 


assembler or compiler code directly 
into the EPROM sockets at rates as 
fast as 64k bytes in 18 sec. Access 
times of 50, 100, or 150 nsec are 
available. The target processor rec- 
ognizes the emulator code as two 
EPROMS in the sockets. A monitor 
command set in the firmware allows 
you to load, examine, modify, and 
patch program code into the emula- 
tion memory image from a PC, ter- 
minal, VAX, or any host develop- 
ment system with at least one 
RS-232C port at rates as high as 
38.4k baud. The target processor 
can write to the emulator, giving 
you added debugging capability. 
The emulator accepts Intel hex, Mo- 
torola S-record, and straight binary 
formats. It draws power from each 
target socket at approximately 35 
mA from 5V. $975. 

Memocom, 1920 Arbor Creek Dr, 
Carrollton, TX 75010. Phone (214) 
446-9906. 
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DESKTOP SUBSYSTEM 


@ Draws an 8.5X11-in. page of 
text and graphics on screen 

® Subsystem works with the IBM 
PC/XT and PC/AT 


The TurboVision is a graphics board 
and monitor for the IBM PC/XT, 
PC/AT, and compatible computers. 
Designed for desktop publishing ap- 
plications, the subsystem features 
WYSIWYG (what you see is what 
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IS SCOPE SETUP 
A SOURCE OF DELAY? 


The Tek 2465A with AUTO SETUP 
is the time-saving solution. See up 
to four waveforms on-screen at the 
touch of a button. Your display Is 
triggered and scaled automati- 
cally, without having to adjust a 
single knob. Add other standard 
features such as 350 MHz 

probe-tip bandwidth, 2 mV/div 
sensitivity and auto trigger 
level—all in a scope made 
for solving tough prob- 
lems in analog design. 

It makes trou- 
bleshooting trou- 
ble-free! 


IT OUT! 
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|_| Please send me your free Yes! | want a closer look at the Tek 2445A/2465A Family. 
videotape introduction, “The 


2445A/2465A Family: From 


I MOT 


Performance to Productivity.” Name 
[ ] Please send me your free 22-page 

brochure. Title 
[_] Please have a Tek representative 

get in touch with me as soon as Company 

possible to arrange a 

demonstration. ECTS 

City State Zip 

D887-6-38AX EDN Phone Ext 


Tektronix 


COMMITTED TO EXCELLENCE 


Copyright © 1987, Tektronix, Inc. All rights reserved. PMA 816A 


SCOPES CUT OUT FOR 
YOUR KIND OF WORK. 


Accurate measurements, accu- 
rately interpreted. The 350 MHz 
2465A builds on proven, industry- 
standard high performance. You can 
easily measure pulse parameters 
and frequency with on-screen cur- 
sors. Full bandwidth is maintained at 
2 mV/div sensitivity to monitor low- 
amplitude signals such as noise and 
ripple with full fidelity. 

You can make timing measure- 
ments with 20-ps resolution at sweep 
speeds to 500 ps/div. And trigger on 
900 MHz signals from any one of four 
channels or on four asynchronous 
channels. Dual, delaying time bases 
mean precise measurements on 
complex waveform details. 

Measurement options, extended 
capabilities. For specialized per 
formance requirements, five com- 
binable enhancements are available 
—a GPIB interface, digital multi- 
meter, counter/timer functions with 
enhanced triggering, 17-bit word 
recognition and video measurement 
Capabilities. 

Three multiple-option packages, 
the 2465A Special Editions, are con- 


POSTAGE WILL BE PAID BY ADDRESSEE 


BUSINESS REPLY MAIL 


FIRST CLASS PERMIT NO. 1 BEAVERTON, OR 


No. of Channels 4 
Horizontal 2% 2% 2% 2% 2% 
Accuracy (.001%"*) (.001%*) (.001%"*) (.001%”*) (.001%") 

500 psec 500 psec 500 psec 500 psec 
Speed 


Vertical Sensitivity 2 mV/div 2 mV/div 
Trigger Frequency | 500 MHz 500 MHz 500 MHz 900 MHz 250 MHz 
GPIB Standard Standard Optional 


Counter/Timer/ Standard Standard Standard Optional Optional 
Trigger/Word 
Recognizer 
Digital Multimeter | Standard Standard Not Optional Optional 
Available 
Video Trigger Standard Not Not Optional Optional 
Available Available 
2 


4 a aa at 
3 years on parts and labor, including CRT 


“with Counter/Timer/Trigger 


figured for specific application areas Get the full story! Return the 

at a significant savings over the sep- _ reply card to Tek today. For a hands- 

arately ordered options. on demonstration, call your Tek Sales 
All models come with Tek’s com- Engineer. 


prehensive three-year warranty on 
labor and parts, including the CRT. 


| | | NO POSTAGE 


NECESSARY 


IF MAILED 
IN THE 
UNITED STATES 


Tektronix, Inc. 
PO. Box 1700 
Beaverton, OR 97077 


COMPUTERS & PERIPHERALS 


ee 


you get) graphics. Using this sub- 
system, you can quickly draw a full 
3.5X11-in. page of text and graphics 
on the monitor’s screen exactly as it 
will appear when printed out with a 
laser printer. The product includes 
a 1024x1280-pixel monochrome 
monitor, and the board incorporates 
a TI 34010 graphics engine. The 
monitor has a 107-MHz bandwidth 
with a 79.6-kHz sean rate, as well as 
a 60-Hz noninterlaced refresh rate. 
The monitor’s paper-white, phos- 
phor flat screen is designed to simu- 
late a printed page. The subsystem 
supports a variety of fonts—includ- 
ing Courier, Symbol, Letter Gothic, 
Swiss, and Dutch—each of which 
comes in 13 sizes. The system in- 
cludes software drivers for Micro- 
soft Windows, Lotus 1-2-3, Ventura 
Publisher, and Pagemaker. $1995. 
AST Research Inc, 2121 Alton 
Ave, Irvine, CA 92714. Phone (714) 


863-1333. 
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PRINTER NETWORK 


e Four IBM PCs can share two 
parallel printers 

@ Stores 200 to 300 pages of data 
in 512k-byte buffer 


The PrintNet II is a printer-net- 


work device that increases the dis- 


tance between printers and PCs to 
more than 100 ft. It allows as many 
as four IBM PCs to share a printer 
buffer and a maximum of two paral- 
lel printers. The device receives 
data from the PCs and stores it in an 
internal 512k-byte buffer, which 
typically represents 200 to 300 
pages; it simultaneously directs the 
data to one of the two printers. The 
device allows you to obtain multiple 
copies of an entire document or of 
specific pages. It also lets you in- 
struct the printer to pause automat- 
ically after each page so that you 
can feed in sheets, forms, or labels 
by hand, and it lets you halt the 
printer to adjust the paper or 
change ribbons. The device lets you 
back up, advance, and reprint pages 
in the event of paper jams. Its digit- 
al displays indicate the number of 


copies to be printed, the amount of 
memory used and the amount avail- 
able, which printer and which com- 
puter is in use, and other operating 
modes. $895 for 512k-byte-storage 
version. 

Support Systems International, 
150 S Second St, Richmond, CA 
94804. Phone (415) 234-9090. TWX 
910-382-8130. 
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PROTOCOL BOARD 


© VME Bus board uses 68561 mul- 
tiprotocol comm chip 

@ Mix of devices to communicate 
with global gateways 


The SIO-2 offers six independent 
serial-communication channels on a 
single VME Bus board. Both the 
RS-232C and RS-422 device inter- 
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) GFIMes.  . 
d tactile and non-tactile 
ane of the nation’s most popular com- 
ot Only Grimes makes them with just 
tor greater reliability. And Grimes gives you fea- 
ike our unique bottom bearing to reduce binding and 
_ Stamped spiral springs for closer tolerances. 

What's more, Grimes’ switches cost less because our 
high-volume automated production reduces assembly 
costs. And because Grimes is the American switch, it 
means immediate delivery, no foreign currency hassles 

and no overseas delivery charges. 

6 If you need switches for keyboards, key- 
oo pads, autocad digitizers or any application 
é requiring momentary, low-profile push- 
button switches, do yourself a favor. 
Switch to Grimes. 

For a free sample of 

Grimes’ switches, call 

(714) 671-3931, write to 
Grimes, or circle the reader 
service number. 


Grimes switches are compatible with keycaps 
from Futaba, TeleVideo, LST and other major 
manufacturers. And our built-in jumper elimi- 
nates the need and expense of jumper wires 
and double-sided circuit boards. 


iJ= THE AMERICAN SWITCH 


115 S. Arovista Circle * Brea, California 92621 « (714) 671-3931 


We’re growing! If you’re a manufacturer's representative, con- 
tact the sales department at (714) 671-3931 for opportunities 
marketing switches in your area. 
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faces are available. It uses the 68561 
multiprotocol communications con- 
troller chip (MPCC) to run both 
character- and bit-oriented proto- 
cols. Kach MPCC enables a soft- 
ware programmable baud rate be- 
tween 110 and 38.4k baud. They also 
provide a modem handshake, parity 
selection, three programmable and 
maskable interrupt vectors for the 
receiver, and 22 directly address- 
able registers. The chip handles 
both synchronous and asynchronous 
receiver/transmitter functions and 
provides operation in full- or half- 
duplex mode with auto-echo and 
local loopback. Two optical data-link 
channels are available. Each chan- 
nel is fully asynchronous with re- 
spect to the VME Bus and can gen- 
erate an interrupt on any of seven 
levels. The VME Bus A24 and A16 
address decoding and both 8- and 
16-bit data are standard. All I/O 
signals are routed to the VME Bus 
P2 connector, and each is termi- 
nated on board in a 26-pin male 
connector suitable for flat cable. A 
separate front panel containing six 
25-pin D-subminiature connectors is 
available as an option. Standard 
model, $1090. 

Force Computers Inc, 727 Uni- 
versity Ave, Los Gatos, CA 95030. 
Phone (408) 354-3410 

Circle No 409 

Force Computers GmbH, 
Daimlerstrasse 9, D-8012, Otto- 
brunn, W Germany. Phone (089) 
600-910. 
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32-BIT COMPUTERS 


@® Can be used ina Xenix or Unix 
environment 

@ 80386 runs at 16 MHz with zero 
wait states 


The MP 386 Series comprises 80386- 
based 32-bit personal computers 
that operate at 16 MHz with zero 
wait states. The computers’ stand- 
ard features include 32k bytes of 
cache memory that’s expandable to 
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Quality & Price You Can Bank On 


Main Products 


1. CONNECTORS 
2. CABLE ASSEMBLIES 
3. DATA SWITCHING BOXES 
ale Aa AR ane | 4. PRINTER BUFFERS 
= eee ate | | U 5. PATCH PANELS 
7 6. BALUNS 
7. COMPUTER & TELECOMMUNICATION 
ACCESSORIES 


. 


ik 


P. O. Box 3-17 Mucha, Taipei, Taiwan, R.O.C. 


JJ {= le] ly" 3/F, No. 2, Lane, 23, Pao Hsin Rd., Hsin Tien City, Taipei, Taiwan, R.O.C. 
| Tel: (02) 918-9189 Tix: 34109 JHAW Fax: 886-2-918-9188 
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We supply a wide range of products to boost 
your sales in 1987, including PSHI signal cable 
Round Cable & Flat Cable Assemblies, 
D-Subconnectors, 57 Series Connectors, 
Modular Jacks, Gender Changers, Switching 
Power Supplies, Pin Headers, Terminal Strips, 
etc. Contact us right away for further 
information. 
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Manufacturer & Exporter 


GREATLINK ELECTRONICS TAIWAN LTD. 


3/F., No. 16, Lane 54, Chung Cheng Rd. Hsin-Tien City, Taipei, Taiwan, R.O.C. 
Tel: 886-2-917-9261 TIx: 34559 GTLINK Fax: 886-2-917-8064 
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BRAEMAR BREAKS THE 
UP BARRIER! 


we ee 


a 
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With the 


QicBac Cartridge Drive! 0-40Mb in13 Min. 


“*s 
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At Last, High Speed, 3.5” & 5.25” Cartridge Back-up for 
OEM & ‘Systems Integrators! 


Built for Speed... 


Back-up Speeds up to 3x 
Faster Than Competing 
Units. 


W@ Data Transfer Rate of 750 
Kbits./sec. 


9 Sec. Average File Access 
Time. 


8 Search/Rewind at 90 IPS 
§ Data Reliability thru CRC 
& ECC. 


lM Uses DC 2000 or MT 
2000* Data Cartridges. 


*IBM is a registered trademark of International Business Machines Corporation. DC 2000 
is a product of the 3M Co. MT 2000 is a registered trademark of Data Electronics Inc. (DEI). 


Designed for Performance... 
§@ Imbedded SCSI or IBM* 


Bus Level Interface. 


®@ True 3.5” Form Factor. 
®@ Available 5.25” Half Height 


Form Factor. 


HM QIC 100 Compatibility — 


Braemar 


CARLISLE 


Braemar Corporation 

Subsidiary of Carlisle Corporation 
11400 Rupp Drive 

Burnsville, Minnesota 55337 
(612) 890-5135 

TELEX 882169 


1-800-328-2719 
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DID YOU KNOW? 


EDN is distributed 


at every major 
electronics/computer show in the 
U.S., France, and Germany. 
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64k bytes, sockets for an 80287 or 
80387 coprocessor, 10 expansion 
slots, and a 5%-in. storage device. 
The computers run MS-DOS and 
Support most Xenix-based pro- 
grams. They are available in a num- 
ber of configurations, including a 
version having one floppy-disk drive 
and a version having one floppy-disk 
drive and a 40M-, 70M-, or 120M- 
byte hard-disk drive. A 4M-byte ex- 
pansion-memory board and an intel- 
ligent, 8-channel I/O board are 
optional. 40M-byte configuration, 
$5995. 

Mitsubishi Electronics America 
Inc, Computer Div, 991 Knox St, 
Torrance, CA 90502. Phone (213) 
515-3993. 
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CPU CARD 


@ /ncludes serial, parallel, and 
SCSI-bus interfaces 

©@ Hxpands via single-Eurocard 
I/O boards 


The VME-68050 double-Eurocard 
CPU card is suited for use in VME 
Bus systems or as a stand-alone 
computer. It is provided with a 
10-MHz 68000 »P, 1M or 2M bytes 
of zero-wait-state RAM, and sock- 
ets for as much as 512k bytes of 
EPROM. Interfaces include two ser- 
ial I/O ports, two parallel ports pro- 
viding 40 TTL-compatible I/O lines, 
and a SCSI interface. For I/O ex- 
pansion, the board has an 8-bit In- 
telligent I/O Channel (IIOC) inter- 
face on its P2 connector. A real-time 
clock/ealendar with battery backup 
is also provided on the board. The 
VME Bus interface includes a 7- 
level interrupt handler and a 4-level 
bus arbiter. The OS-9/68K (V2.0) 
operating system is available for use 
with the board. DM 2990 with 1M 
byte of RAM; DM 3990 with 2M 
bytes of RAM. 

EKF Elektronik Messtechnik 
GmbH, Weidekampstrasse la, 4700 
Hamm 1, West Germany. Phone 
(02381) 12630. TLX 828621. 
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Best of all, conductor path distance is consistent between 


© 
all six rows, insuring a uniform impedance control between the 
connector and the printed circuit board. 
The same innovation and quality also is available 


immediately in two and four row connectors, and 


@ 
soon, five and seven row 
one idea “= 
But if your application 


requires something even more 
unusual, Elfab can 


leads to another. 22": 
@ specifications. After all, 


The company that pioneered in-house press fit that’s what you'd expect 
nanufacturing for the backplane and connector industry now from the Augat family, where 
»ffers another unique choice in high density connectors. innovation has always been a tradition. 


A new Six Row High Density 
Double-Din™ developed by Elfab 
for backpanel applications is now an 
Augat connector. With 60 contacts 
per linear inch, this new connector 
offers design opportunities 
unheard of until now. 

With traditional design 
ingenuity, our new surface mount 


® Imagination begins at 


f£2?ELFAB 


Quality and Innovation 


Elfab Corporation 


box connector straddles the board, occupying half 1097 Yates « Lewisville, Texas 75067 * 214/221-8776 

the real estate of conventional connectors. And providing Call toll-free 1-800-527-0753 « In Europe: Elfab Europe, B. V. 
shorter signal paths for better performance under high ¢ Raheen Industrial Estate * Limerick, Ireland » 061/27600 
speed circuit conditions. ¢ Telex: 70150 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


PROCESS | 


yOU CAN SIMULATE EACH 


LOGIC DESIGN TOOL 


@ Includes an interactive simu- 
lator 

@ Provides interfaces to other CAE 
software 


Scratchpad combines a schematic- 
capture editor and an interactive 
logic simulator. It runs on an IBM 
PC, PC/XT, PC/AT, or compatible. 
The package provides libraries of 
standard TTL- and high-speed 
CMOS-logic ICs, including one- 
shots. The program lets you design 
a complete schematic in step-by- 
step fashion, and it automatically 
checks for drafting and design er- 
rors. As you complete each section 
of the design, an incremental com- 


cirncuIT AS vou “AaDD" IT! O°” 


piler compiles the section and a 
high-speed, interactive simulator 
verifies it. You can select either a 
timing display, which shows all the 
signals (including glitches), or a 
functional display, which shows only 
the glitches’ functional effects. If 
the simulator detects no errors, you 
can convert the section into a mod- 
ule or software macro and store it 
for use in future designs. The pack- 
age includes interfaces for transfer- 
ring any module or complete design 
to other CAE programs for board 
layout and other processing. $2950. 
Aldec, 3525 Old Conejo Rd, Suite 
111, Newbury Park, CA 91320. 

Phone (805) 499-6867. 
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IC DESIGN TOOL 


®@ Analyzes linear and digital ICs 
@ links fabrication process to cir- 
curt behavior 


Working in conjunction with the 
vendor’s Analog Workbench or PC 
Workbench software, the IC Design 
Tool Kit analyzes the linear charac- 
teristics of analog designs. It ana- 
lyzes designs for linear ICs, mixed- 
signal ICs, digital ICs, or any 
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combination of these types. The 
program allows you to enter fabrica- 
tion-process parameters, so that the 
simulator can account for parasitic 
elements and variations inherent in 
the selected fabrication process. 
You can assign either nominal val- 
ues or distribution ranges to the 
entered parameters. The package 
includes bipolar and CMOS device 
models of transistors, capacitors, 
and resistors. You can also create 


custom models that contain your 
own process parameters, and then 
store the models in a private li- 
brary. You can use Monte Carlo 
techniques, evaluate a circuit’s sen- 
sitivity, and estimate worst-case 
conditions to calculate the manufac- 
turing yield before you commit your 
design to silicon. The Smoke Alarm 
feature lets you analyze the stress 
levels in your design to improve de- 
vice reliability. The IC Design Tool 
Kit costs $13,500 as an option to 
Analog Workbench, which runs on 
Apollo, Sun, and HP workstations; 
it costs $8000 as an option to PC 
Workbench, which runs on the IBM 
PC/AT or compatibles. 

Analog Design Tools Inc, 1080 E 
Arques Ave, Sunnyvale, CA 94088. 
Phone (408) 737-7300. 
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WINDOW SYSTEM 


@ Allows a virtually unlimited 
number of windows 

@ Simultaneous output to multiple 
overlapping windows 


Based on version 10.4 of the X Win- 
dow System developed by MIT, 
Opus Systems X is a complete win- 
dow system for IBM PC/XT and 
PC/AT systems that run Unix. The 
window manager provides a consis- 
tent user interface for placing, mov- 
ing, and resizing virtually unlimited 
numbers of windows, each of which 
can have title and scroll bars. You 
can expand or shrink windows and 
change the placement of and rela- 
tionships between windows. You can 
also execute other programs from 
within the window manager. The 
common set of system-interface rou- 
tines makes the system device inde- 
pendent and allows you to transfer 
your applications from one system 
to another. The modules include a 
bit-map editor, terminal emulators, 
and an analog clock, as well as save 
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For Multilingual 
Data Acquisition 


We can take your IBM® PC/AT/XT, and 
compatibles, and now the new Personal 
System/2™ Model 30, to new heights in 
power and productivity. Our popular 
and versatile PCI-20000 Personal 
Computer Data Acquisition System is 
teaming up with the leading software 
houses, and we can offer you the most 
efficient drivers for the most popular 
programming languages, in addition to 
applications packages that require no 
programming expertise. 


Look At The Languages 


There are time-saving drivers for 
BASIC, Turbo Pascal™, Microsoft® C, 
ASYST™ and assembler. These include 
a complete set of tools for analog, 
digital, and counter/timer functions 
including high-speed DMA. 


Look At The Many 
Specific Applications Solutions 


They include Labtech Notebook®, Real 
Time Access®, Loopworks™, DADiSP™, 
Snapshot™ Storage Scope, and PCI 
ControLOGraph. 

Also, there’s compatibility with Lotus 
1-2-3™ CODAS™, The Fix™, Genesis™, 
Labtech Chrom®, wDAD™, ONSPEC™, 
Paragon Control™, SNAP-FFT™, 
Unkelscope™, and Waveform Scroller”. 


Look At The Applications 


Applications include Automatic Test 


Systems, Burn-in, Process Control, 


Industrial Monitoring, Data Logging, 
Incoming Inspection, Laboratory 
Automation, Pollution Archiving, 
Transient Recording, Structural 
Analysis, Temperature Monitoring, 
Product Evaluation, Life Testing, Engine 
Testing, Event Capture, and the list 
goes on. 


Now you’ve got flexible and versatile 
software for the most flexible and 
versatile hardware on the market. Let 
PCI-20000’s MODULAR MAGIC solve 
your data acquisition, test, 
measurement, and control problems. 


Please contact us for complete 
information. Burr-Brown Corporation, 
P.O. Box 11400, Tucson, AZ 85734. 
602/746-1111. 


BURR -BROWN® 


High Performance 
PC Data Acquisition Systems 


IBM®, Personal System/2™ IBM Corp.; Turbo Pascal” Borland International inc. Microsoft® Microsoft Corp; ASYST™ Macmillan Software Co; Labtech Notebook®, Real Time Access®, Labtech Chrom® Laboratory 
Technologies Corp.; Loopworks™ Equinox Data Corp., DADISP™ DSP Systems: Snapshot™, SNAP-FFT™ HEM Data Corp, Lotus 1-2-3™ Lotus Development Corp, CODAS™, Waveform Scroller” Datag 
instruments, inc.; The Fix™ intellution, Inc.; Genesis™ Iconics Inc., pDAD™ Industrial Control Specialists inc, ONSPEC™ Heuristics inc.; Paragon Control™ Intec Controls Corp, Unkelscope”™ Unkel Software Inc. 
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MCI INTRODUCES ITS 
NEW SELF-RESTORING 
POLYMER FUSE! 


Our new Poly Fuse guards 
against over-current con- 
ditions by switching from 
low resistance to high re- 
sistance when its rated 
current is exceeded. 
When power is removed, 
it automatically returns to 
its low resistance state. 
This cost-cutting, fool 
proof, self-restoring 
component is ideal in 
applications of 40 volts or 
less, including motors, 
solenoids, speakers, alarm 
systems, battery chargers, 
Communication lines. . . 
anywhere older tech- 
nologies are used now. 


PHONE OR WRITE 
FOR YOUR “FREE 
ENGINEERING SAMPLE” 


MWIOwestT 
(HOMPONENTS 
BNc. 


PO. Box 787 
1981 Port City Blvd. 
Muskegon, MI 49443 
(616) 777-2602 

FAX NO. (616) 773-4307 
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and restore features that facilitate 
the management of windows. $595. 
Opus Systems, 20863 Stevens 
Creek Blvd, Building 400, Cuperti- 
no, CA 95014. Phone (408) 446-2110. 
Circle No 387 


MAP SOFTWARE 


® Source code available for all 
layers 

© Enhancements multiply task-to- 
task data rate by four 


-MicroMap 2.1 is a software imple- 


mentation of the 7-layer Manufac- 
turing Automation Protocol (MAP), 
which runs on 68020-based systems 
under the vendor’s SYSTEM V/68 
operating system. Release 2 con- 
tains enhancements that quadruple 
the effective data rate from one 
Unix task to another across the 
cable. Used in conjunction with the 
vendor’s MVME372 Map controller 
board, the software can achieve an 
effective data rate of more than 
140,000 bytes/sec. In addition to 
other VME Bus modems, the pack- 
age now operates with the Series 
1300 modems from Concord Com- 
munications Inc (Marlboro, MA). 
Binary license, $600; host/board- 
resident C source code is also avail- 
able. 

Motorola Inc, Microcomputer 
Div, 2900 S Diablo Way, Tempe, AZ 
85282. Phone (800) 521-6274; in AZ, 
(602) 438-3000. 
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uP-TO-~P COMM 


@ /nterfaces applications to Multi- 
bus II 

@ Provides 50 subroutines for data 
transfers, interrupt handling 


MPCxX is a library of 50 subroutines 
that provide the wP-to-~P commu- 
nication that transfers blocks of data 
and interrupt information in a Mul- 
tibus II system. These routines pro- 
vide the interface between applica- 
tion tasks and the message-passing 
hardware of Multibus II. The li- 
brary allows communication be- 


tween multiple processors, each of 
which runs a different operating 
system, within the same Multibus II 
system. The library currently sup- 
ports the pSOS, VRTX, and Unix 
System V.2 operating systems. The 
package includes the board-support 
package, source code, five object- 
code licenses, and documentation. 
$2450. 

Microbar Systems Inc, 785 Lu- 
cerne Dr, Sunnyvale, CA 94086. 
Phone (408) 720-9300. 
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PC NETWORK 


® Connects to existing serial port 
@ Provides electronic-mail facility 


The SimpleNet LAN system con- 
sists mainly of a small hardware 
module built into the hood of a 
25-pin RS-232C connector that 
plugs into an IBM PC’s or compati- 
ble’s serial port. The system also 
includes cabling to interconnect 
LAN modules, and it comes with 
software that provides both low- 
level drivers and a menu-driven in- 
terface for handling commands at 
the DOS command level. You can 
access the network at any time from 
within any application program. 
The device-redirection feature al- 
lows machines on the network to 
share disk files and printers. The 
software provides an electronic- 
mail facility for communication 
between users. Two-user system 
with software and cabling, $595; ad- 
ditional nodes, $99.95 each. 
BCSoft Corp, 3261 N Harbor 
Blvd, Suite B, Fullerton, CA 92635. 
Phone (800) 262-8010; in CA, (714) 
526-5151. 
Circle No 390 
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Design Concept 
Through 
Fabrication 

in Just 5 Days! 


That’s fast. But are there any 
surprises? Certainly! Unilayer II starts 
with a pre-manufactured universal board 
module and adds computerized discrete 
wiring, zero-profile contacts, and 100% 
continuity testing. And — here’s the 
surprise! — there’s no drawn-out design 
cycle, no time-consuming artwork 
generation, no lengthy manufacturing 
process. That’s why it’s so fast. 


Viififufitivtir—s gs 


Lean and Mean 
Tooling Costs! 


How lean? Tooling charges for 
Unilayer II are typically 90% less than 
multilayer. And, since the discrete wires 
are laminated to pre-built board 
modules, there’s no artwork to be 
generated. That means minimum up- 
front charges and rapid-fire delivery with 
Unilayer I. 


Plug In Your 
Components! 


Stuffing your board is a breeze. All 
Unilayer II boards are provided with 
zero-profile Holtite contacts, so you Can 
plug your IC’s directly into the board, 
without soldering and without creating a 
higher profile. Just plug in your 
components for smooth skating. 


°INTERCONNECTION 


Roll In 
Your Database 
Electronically! 


It’s easy — just have your computer 
talk to our computer. Your schematic 
can be transmitted directly via modem 
from your CAE workstation to our VAX® 
computers. So implementing your 
Unilayer II design can be as simple as 
dialing a phone. 


Want to 


Send tor the 
Unilayer IZ 
Product and 
Design Guide 


Call itor a 


process Video 
Demo or 
additional 
information 

(Ask for Unilayer) 


SYSTEMS 


VAX is a registered trademark of 
Digital Equipment Corporation 


40 Perry Avenue, P.O. B 
(617)222-2202 FAX (617)226-5257 TWX 710-391-0644 


ox 1037, Attleboro, MA 02703 


CIRCLE NO 183 


Visit us at MIDCON Booths 850-54, NORTHCON Booths 20-33 


CAE & SOFTWARE DEVELOPMENT TOOLS 
DN  ———————————_—_—_—_—_———————— 


PC BATCH HANDLER 


®@ Screen handler lets you create 
new Menus 

© Script language links existing 
applications 


BEYOND.BAT extends PC-DOS by 
providing a screen handler, an edi- 
tor, and a script language with con- 
ditional logic. The script language 


Series 225 |cce-488 


Programmable High Voltage 
_ Power Supply 


Diagnostic SelfTesting 
Load Protective Circuitry 


The New Era in High Voltage 


OO MIER STARE wQwEN cure 
series S25 


lets you create applications that link 
program runs, allowing you, for ex- 
ample, to use word-processor out- 
put as spreadsheet input without 
returning to the DOS command 
level. The program offers more so- 
phisticated error-handling functions 
than the DOS batch language does; 
it provides definable variables on 
which you can perform arithmetic. 


Laboratory S System Applications 


[725-008 | oto = &KV@ 10mADC | 


2 BERTAN associates, nc 


The Leader in High Voltage for Two Decades 


121 New South Rd., Hicksville. NY 11801 
(516) 433-3110 e TWX 510-221-2144 
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Typical applications for the pro- 
gram include setting up the PC for 
unattended operation, designing 
data-entry systems that use small 
scripts to format and direct the 
input, and creating new menus for 
easier access to existing applica- 
tions. $99. 

VM Personal Computing, 41 
Kenosia Ave, Danbury, CT 06810. 
Phone (800) 222-8672; in CT, (203) 
798-3800. 
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GRAPHICS INTERFACE 


© Implements the ANSI-standard 
GKS 

© Works with VME Bus graphics- 
interface module 


Concept/GKS is an implementation 
of the ANSI- and ISO-standard 
graphical kernel system (GKS) for 
use with the vendor’s MVME390A 
graphics interface module in VME 
Bus systems. The GKS library of 
standard functions lets you write 
applications software that is device 
independent, eliminating the need 
to develop your own drawing algo- 
rithms. Further, your software will 
be transportable to other graphics 
systems that use the GKS. This 
graphics kernel operates under the 
vendor’s System V68 or VersaDOS 
operating systems, and you can ob- 
tain bindings to the Fortran-77 or C 
languages. The single-unit binary 
license price includes the Concept/ 
GKS library (configured to work 
with CRTs) and one hard-copy de- 
vice driver; drivers for a variety of 
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Ziltek’s variety of STD-Bus boards 
add new life to your system! 


®@ Ziltek’s wide variety of STD-Bus boards will add new life to e With Ziltek ASTD Series boards, you’re assured of high 
your system and will simplify your software and hardware reliability, high quality, high performance and low cost. 
development. With an assortment of more than 60 board All boards are available for immediate delivery and come 
variations and over 100 different varieties, Ziltek ASTD with 168 hours of burn-in, complete schematics, a fully- 
Series boards will meet your system design requirements. detailed manual, and customer support. 


@ Ziltek ASTD Series boards provide an easy software @ Let Ziltek add new life to your STD-Bus System with a full 
development environment and reduce development time selection of ASTD Series boards. Call or write today for 


without tying up input/output ports. And, Ziltek can complete information. 
provide all of your necessary microprocessor design and — 
development tools, including a variety of boards, software, CIRCLE NO 184 


and support tools. 


Gel & CORPORATION 

A subsidiary of Adtek System Science Co., Ltd. 
1651 E. Edinger Ave., Santa Ana, CA 92705 
Telephone : (714) 541-2931 FAX : (714) 541-2933 


San Francisco 408-727-7244 Los Angeles 714-835-9512 Dallas 214-380-0414 San Diego 619-944-4402 Cleveland 216-642-7965 
Houston 713-731-2649 New York 714-541-2931 Cincinnati 513-984-8924 Detroit 313-751-4990 Philadelphia 609-394-0900 
Pittsburgh 412-892-2992 Boston 617-721-2553 New Haven 203-388-2204 Orlando 305-843-5224 Toronto 416-677-7919 
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printers and plotters are available. 
$1750. 

Motorola Microcomputer Div, 
2900 S Diablo Way, Tempe, AZ 
85282. Phone (602) 438-3500. 
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EMULATOR 


® Supports most 8-bit wPs 
@ Includes memory- and hard- 
ware-breakpoint facilities 


The Mime-600 emulator connects to 


a PC or host computer to provide. 


program debug facilities for most 
popular 8-bit wPs. In addition to 
four breakpoint/trigger control tag- 
bits for each of the wP’s memory 
locations, the emulator has four 
48-bit hardware breakpoint compa- 
rators. You can break on the nth 
occurrence of a comparator’s break 
condition, or on logical combinations 
or logical sequences of breakpoint 
conditions. The emulator has an 


8k x 48-bit trace memory, which you 
can reconfigure to 4kx96-bits for 
time-stamped trace results. The em- 
ulator has a total memory map of 
16M bytes, with 256k bytes of relo- 
cation RAM, and another 256k 
bytes of shadow memory. During 
program development on the host 
computer, the emulator provides a 
transparent link between the com- 
puter and a terminal. After develop- 
ing your program, you can download 
program code and symbol tables to 
the emulator for use in debugging. 
£4300, including a target adapter 


board for one »P; additional target 
adapter boards, £1790. 

Pentica Systems Ltd, Station In- 
dustrial Estate, Oxford Rd, 
Wokingham, Berks RG11 2YQ, UK. 
Phone (0734) 792101. TLX 848210. 
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IEEE-488 DRIVER 


® Links PCs to IEEE-488 instru- 
ments 

® Works with PC-DOS and STD- 
DOS 


DOS.GPIB is an installable device 
driver that lets a PC communicate 
with peripherals connected to an 
IEEE-488 bus. The driver works 
with the vendor’s hardware IEEE- 
488 bus controllers for IBM PCs, 
PC/XTs, PC/ATs, PS/2-30s, and 
compatibles, as well as with the 
ZT/2 controller for the PS/2 Models 
50 and 60. You can also use the 
driver with the vendor’s ZT 8847 
controller for STD Bus systems run- 


When you position wire, and you want if to 
stay put; reach for dek’s complete line of 
wire management products. Designed fo 
hold all types of wire—flat, round or cable, 
these rugged holding devices withstand 
the foughest industrial and consumer 
conditions. Choose from adhesive- 
backed, push-mount, or mechanical 
fastening styles. They're all created to 

give your wire staying power. 


dek, inc. 


3480 Swenson Avenue 

St. Charles, Illinois 60474 

Phone: 4-342-377-2575 

Fax: 312-377-0372 

Outside Illinois Call Toll Free 1-800-323-4419 
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FLEXPAC CABLE ASSEMBLIES. 
A COST-EFFECTIVE, 
FLEXIBLE ALTERNATIVE assemblies, with improved perfor- 
TO DISCRETE WIRING. mance — during design and after 


the sale. 600 volt cable ratings 
Flat Conductor Flexpac™ Cable —_ boost cable application versatility, Thomas<8etts 


Assemblies offer improved electrical as do our wide range of female Electronics Division 
integrity, cable strength, system sockets, male headers, card edge 
flexibility and end-use performance. connectors and solder pin termina- 

Ideal for discrete wire replace- __ tion options. 


ment and high flex life applications, Now, in addition to all the other 
Flexpac™ cable connector assem- advantages flexible cable otters, 
add ensured per- 
formance and 
choose from 
among the broad- 
est selection 
available — 
Flexpac™ Cable 
Connector 
Assemblies. For 
complete infor- 
blies incorporate a 6-point contact mation, write or call Thomas & 
design for enhanced electrical per- Betts Corporation, Electronics 
formance. You get positive cable- Division, Route 202, Raritan, 
to-contact terminations; stronger NJ 08869; 201-469-4000. 


Other quality Thomas & Betts products include: IDC Cable and Connector Systems, DIP & VLSI 
Sockets, Fiber Optic Systems and Two-Piece Connectors. 
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The newest reasons to make ATMEL 


your E7PROM supplier. _ 


The 32K by 8 bit AT28C256 and 
AT28HC256 are the highest.density 
monolithic E7PROMS available. 
With access times of 150ns or 
70ns respectively, they are 

also the fastest. Since they are 
made with ATMEL’s proprietary 
1.25uCMOS technology, they pro- 
vide the high performance and reliability 
that has become ATMEL’s standard. 


The AT28C256° and os 
the AT28HC256 give you: 


SPEED 


Fast Access Times of 150ns or 70ns_— t—t™S 


Fast 64-Byte Page Write Time of 3ms 


POWER.«<@ 
Low Active Power of 40mW 
Low CMOS Standby Power of 550.W 


RELIABILITY — 
Endurance of 10,000 or 100,000 Write Cycles 
10 Year Data Retention . 

Latchup and ESD Resistant 


Proven CMOS Floating Gate E7PROM Technology™ - 


SIMPLICITY 


5-Volt Only Operation 

Software Data Protection 

Self-timed Nonvolatile Page Write Cycle 
TTL/CMOS Compatible Inputs and Outputs 
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on | ATMEL’S 
FAMILY OF 256K CMOS E2PROMS ~— 


Speed (ns) a 
70 90 120 150 200250 300 350 


256K AT28C256 32K x 8 xx xX) xX 
256K | AT28HC256 32K x 8 X X X X} X 
P-Plastic; D-Ceramic Dip; L-Léadless Ceramic; J-Plastic j-leaded . 
The standard features on all ATMEL E2PROMS such as DATA polling, 
address and data latches, chip clear and internal error correction are 
also on these two devices. Of.course all ATMEL E*7PROMS operate 
from 4.5V to 5.5V at temperatures from —55C to 125C. They are also 


Mil Std 883C compliant. From 4K to 256K, ATMEL E?PROMS have the 
features and performance needed to make your design a success. 


ATMEL’s high speed CMOS E?PROMS are available now in high- 
volume production quantities. ATMEL, the leader in CMOS E2PROM 
technology. F 


2095 Ringwood Avenue, San Jose, CA 95131 
A MEL _ TEL: (408) 434-9201 FAX: (408) 434-9825 
RNa 
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ning under the STD-DOS operating 
system. The driver lets you access 
devices on an IEEE-488 bus from 
application programs written in 
Basic, C, Pascal, Fortran, and as- 
sembly language; it also gives pre- 
existing development tools and ap- 
plication programs access to the 
IE EE-488 controllers without re- 
quiring any additional program- 
ming. By using this driver, you can 
develop your application programs 
on a PC or PS/2 machine and easily 
transfer them to an STD Bus sys- 
tem, which is better suited to a 
harsh environment. The price of the 
vendor’s ZT 1444/1488A controller 
includes linkable drivers for Basic 
and Compiled Basic. Linkable driv- 
ers for assembly, C, and Pascal are 
available as options. These linkable 
drivers are more efficient than the 
installable DOS.GPIB, and you 
should use them if your application 
requires high data-transfer speeds. 
DOS.GPIB, $250; Assembly, Pas- 
cal, and C linkable drivers, $50 each 

(with purchase of controller). 
Ziatech Corp, 3433 Roberto Ct, 
San Luis Obispo, CA 93401. Phone 

(805) 541-0488. TLX 4992316. 
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OPERATING SYSTEM 


© /ntegrates RT multitasking with 
MS-DOS 
® Includes sample drivers 


Suitable for use on IBM PC/AT and 
compatible computers, the RT/iX 
operating system allows you to exe- 
cute real-time multitasking opera- 
tions under MS-DOS (version 3.0 
and up). The operating system con- 
trols application programs written 
in C, and after program execution 
MS-DOS remains available for the 
user without any rebooting. All ac- 
cess to mass storage remains under 
the control of the MS-DOS file man- 
ager, allowing you to transfer data 
from the application program to 
standard MS-DOS-based programs. 
The system comes on a 3%- or 5%4- 
in. disk, and includes source code for 
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sample drivers, which you can use 
for interrupt-driven or polled sys- 
tems. Around DM 1000. 

Kontron Messtechnik, Oskar- 
von-Miller-Strasse 1, 8057 Eching/ 
Munich, West Germany. Phone 
(08165) 77601. TLX 526719. 

Circle No 395 

Kontron Electronics Inc, 630 
Clyde Ave, Mountain View, CA 
94039. Phone (415) 965-7020. TWX 
910-378-5207. | 
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VAX BACKUP 


© Kliminates disk-file fragmenta- 
tion 

@ Lets you back up optical-drive 
contents 


Automatic Backup lets you create a 
command file that defines the time, 
frequency, and characteristics of 
the file backups you need for a VAX/ 
VMS system. The program exe- 
cutes the backups automatically. 
The latest release includes enhance- 
ments that let you back up the con- 
tents of optical WORM disks as well 
as magnetic disks. You can back up 
all accounts or selected accounts; 


you can also skip the backup of 


accounts or files that change only 
rarely. The program’s defragmen- 
tation option compresses and consol- 
idates the space occupied by any or 
all accounts; an automatic modem 
controller can turn modems on spec- 
ified ports on and off. You can skip 
backups on days defined as holi- 
days, and you can provide similar 
special handling for the modems. 
Each time the program schedules a 
backup job to wait, to start execu- 
tion, or to prepare for the next 
scheduled execution, it creates an 
entry in a history log to aid system 
managers in performing system-se- 
curity reviews. From $377, depend- 
ing on VAX configuration. 

Syco System Communications 
Inc, Box 838, Leominster, MA 
01453. Phone (617) 534-6499. 
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- PICO 


ULTRA-MINIATURE 


MILITARY 


DC-DC 


Converters 


-~aq Temp 
® operatind 36°C 
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PICO also manufactures over 

500 regulated and isolated DC-DC 
Converters and over 2500 standard 
ultra- miniature transformers 

and inductors. 


Delivery— stock to 
one week 


Electronics, Inc. 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 800-431-1064 
INNEW YORK CALL 914-699-5514 
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TEST & MEASUREMENT INSTRUMENTS 


NOISE CANCELER 


© Eliminates low-frequency, repet- 
itive, acoustical noise 

® Requires users to wear head- 
phones 


The NCT 2000 analyzes low-fre- 
quency acoustical noise and then 
generates a noise-canceling signal 
that is 180° out of phase. The device 
works best at frequencies below 600 
Hz. It cannot eliminate environmen- 
tal noise. Instead, users must wear 
noise-canceling headphones. You 
can upgrade the standard 2-channel 
unit to eight channels. $15,000 to 
$25,000. 

Noise Cancellation Technolog- 
ies Inc, 98 Cutter Mill Rd, Suite 
2Z75N, Great Neck, NY 11021. 
Phone (516) 466-1060. TWX 910- 
240-1097. 
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GANG PROGRAMMER 


® Gang-programming adapter out- 
performs older model 
© Upgrade kit available 


The Gangpak V7.1 gang-program- 
ming adapter for the vendor’s 29B, 
Z29A, and 100A device programmers 
can program and verify eight 
EPROMs at once. It handles 240 
EPROM types. When used on cer- 
tain types, the new adapter is 5.5 
times faster than the model it re- 
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places. Gangpak V7.1, $1650; up- 
grade kit, $325. 

Data I/O Corp,, Box 97046, Red- 
mond, WA 98073. Phone (206) 881- 
6444. TLX 152167. 
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GANG PROGRAMMER 


@ Programs eight EPROMs or 
EEPROMs from memory 

© Programs 4-device set from mas- 
ter PROMs 


The $125 gang programmer pro- 
grams most 28-pin EPROMs and 
EEPROMs and uses no personality 
adapters. The programmer can copy 
the same data into eight devices (or 
optionally into 16) at the same time. 
Or it can simultaneously program as 


IBM PC SCOPE 


© Digitizes at 20M samples/sec 
© Has two 64k-byte sample 
memories 


The R2000 2-channel, 20M-sample/ 
sec digital oscilloscope uses an IBM 
PC for display and storage. The 
scope can simultaneously sample 
both channels at 20M samples/sec 
with 8-bit resolution, and it records 


many as four devices (eight, option- 
ally) with different data from mas- 
ter PROMs to accommodate 16- and 
32-bit word widths. The device has a 
64k-byte data memory. Options in- 
clude adapters for eight additional 
devices, for 32- and 40-pin devices, 
and for 3-voltage devices. $695. 
Bytek Corp, 1021 S Rogers Cir- 
cle, Boca Raton, FL 33431. Phone 
(800) 523-1565; in FL, (305) 994- 
3020. TLX 4998369. 
Circle No 415 


into two 64k-byte memories. Input 
sensitivity ranges from 10 mV/div to 
o90V/div. The instrument’s front 
panel features switch-selectable 
1MQ and 500 inputs. Options in- 
clude FFT software and 128k-byte 
capture buffers. $3495. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. Phone (206) 
047-8311. TLX 265017. 
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CcusToM MAGNETICS 
SWITCHING MODE POWER TRANSFORMERS 
TYPES: VOLTAGE, CURRENT, LINE FILTER, DRIVE 
APPLICATIONS: COMPUTER, TELECOM, INDUSTRIAL, 
OFFICE EQUIPMENT 
. AUDIO TRANSFORMERS 
TYPES: SIGNAL, POWER 


KINGDATRON ELECTRONIC APPLICATIONS: AUDIO, TELECOM, DATACOM, MILITARY 


INDUSTRIAL CO., LTD. _ HIGH-VOLTAGE TRANSFORMERS 


380, PAI-LIN 5TH RD., PEI-TOU, TYPES: POWER, PULSED 
TAIPEI, TAIWAN, R.O.C. APPLICATIONS: IGNITION, INDUSTRIAL 


TEL: (02) 821-3191 ~5 ) oe EAGIEY WIDTH 
TELEX: 27069 KDATRON APPLICATIONS: TV, MONITORS 
FAX: 886-2-8212200 
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A Designer's Guide to: 


CMOS ICs 


As featured in EDN Magazine 


Mail coupon to: ‘CMOS IC reprints — EDN | Magazine EDN91787 
Cahners Building 
275 Washington Street ee 
Newton, MA 02158-1630 aia 

Please send_______ copies of A Designer’s Guide to 

CMOS ICs (92 pages) COMPANY 


CO $6.95 UPS () $10.95 non USA (BANK DRAFT ONLY) 
Check or money order made out to EDN REPRINTS = appress 
must accompany each order. No COD. Mass. 
residents add 5% sales tax. CITY STATE ZIP 
Please print clearly. This is your mailing label. 
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SPECTRUM ANALYZER 


@ Spectrum-analyzer module 
works with digitizer 
© Modules fit firm’s 70000 system 


Two modules for the HP 70000 in- 
strument system permit 100-Hz to 
22-GHz swept spectrum analysis 
(analysis performed in one con- 
tinous sweep) and 20M sample/sec, 


PLES and spec sheets. 


Amperex Electronic Corporation, 
Discrete Semiconductor Business Unit, 
George Washington Highway, Smithfield, 

RI 02917, (401) 232-0500. 

In Canada: Philips Electronics Ltd., 601 

Milner Ave., Scarborough, Ontario M1B 1MB8, 


(416) 292-5161. 


PHILIPS: THE SOURCE FOR ALL YOUR POWER SEMICONDUCTOR NEEDS. 
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PHILIPS | 


1000V 40ns 
SWITCHING BIPOLAR TRANSISTORS 


When your high frequency power supplies 
call for high voltage bipolar transistors, switch 
to Philips. Call or write today for FREE SAM- 


Amperex’ 
A NORTH AMERICAN PHILIPS COMPANY 


10-bit digitizing. The HP 71210A 
spectrum-analysis module has 
—133-dBm sensitivity at 22 GHz 
(10-Hz bandwidth) and +2-dB am- 
plitude accuracy from 2.7 to 22 GHz; 
it requires the HP 70908A RF front- 
end module, which provides a fun- 
damental-frequency mixer and 
tracking preselector. The HP 
70700A digitizer has a 3-MHz analog 


bandwidth and can either stand 
alone or work in conjunction with 
the spectrum-analyzer module. You 
can control as many as four digiti- 
zers manually and as many as eight 
under program control. Each digi- 
tizer module has a 256k-sample 
memory and built-in math func- 
tions. The module’s time resolution 
is 50 nsec; the manufacturer claims 
that the module exhibits no inter- 
sample dead time. HP 71210A mi- 
crowave spectrum analyzer, 
$69,500; required HP 70908A RF 
section, $35,200. Delivery, 18 weeks 
ARO. HP 70700A digitizer, $7500. 
Delivery, 12 weeks ARO. 
Hewlett-Packard Co, Inquiries 
Manager, 1820 Embarcadero Rd, 
Palo Alto, CA 94303. Phone local 
office. 
Circle No 417 


SCR TESTER 


®@ Measures blocking voltage to 
2000V de 
® Gauges leakage current to 5 mA 


The Model 1500IR tests SCRs, di- 
odes, triacs, and transistors (includ- 
ing FETs) for leakage, blocking 
voltage, and gain. The unit mea- 
sures gain with 1A collector current 
max, blocking voltage to 2000V dc, 
leakage current to 5 mA, and gate- 
to-base voltage and currents to 5V 
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How To Turn A Computer 
Into A Shock Absorber: 


rge and ESD are the most common cause of 
ure in semiconductor-based equipment. And 
h existing protection technology, it’s all so 
necessary. 
Every year, lightning, 
switching transients, 
human ESD and other 
“shocks” account for 
billions of dollars in 
downtime and repair 
costs and for untold 
numbers of disgruntled 
customers. 

And we can't help 
but ask, “WHY?” 
The facts are that, today, well-developed protec- 
ntechnologies, test standards and test instrumenta- 
n exist. And with a comprehensive, company-wide 
gram, any computer, microprocessor, or seml- 
nductor-based product can be turned into a 
arly invincible “shock absorber” able to withstand 
yusands of volts of surge and ESD without failure, 
slfunction or the need for user-supplied protection. 
At Keylek, we provide the equipment and the 
pertise to help you test your product's vulnerability 
surge and ESD at every step of the manufacturing 
ocess from design to the inspection of incoming 
mponents to the QA/QC testing of complete 
stems on the manufacturing floor to the intercon- 
ction and networking of systems in the field. 


ek manufactures the broadest line of 
e and ESD test equipment in the world. 


Among our customers are the biggest and most 
successful companies in the world. They manutacture 
computers, telecommunications equipment, manutac- 
turing and process control systems, microprocessor- 
based appliances and other consumer goods. And 
their products are resistant to the ravages of surge 
and ESD. Asa result, our customers enjoy consider- 
ably lower after sales costs, happy and satisfied 
customers, a superior competitive position and 
higher profits. 

We'd like to convince you that you too can enjoy 
these benefits. Send for free copies of our Surge 
and ESD protection handbooks. They 
describe the common causes of 

surge and ESD as well as protection 
technologies, the latest relevent test 
standards and the most sophis- 
ticated test equipment. 

You may get your copies by 

calling our Technical Services 

Department at (617) 658-0880. 

- Or send your request on a company letterhead to 
Keylek Instrument Corporation, 260 Fordham Road, 
Wilmington, MA 01887. 


Keylek 


KeyTek Instrument Corporation, 260 Fordham Road 
Wilmington, MA 01887 Phone: (617) 658-0880 
TELEX: 951389 
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and 500 mA, respectively. The unit 
comes in a 9X9X10-in. case and 
weighs 10 lbs. The company also 
supplies a fixture for hockey-puck 
devices. $2500. 

Brindle & Associates Inc, 5901 
Warner Ave, Suite 69, Huntington 
Beach, CA 92649. Phone (714) &847- 
4738. 
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MATE COUNTER 


® Counters conform to Air Force 
standard 

® Kamily comprises pulsed and 
CW counters 


Models 535 and 538 are MATE-com- 
patible versions of two of the ven- 
dor’s families of microwave coun- 
ters. (MATE is the Air Force’s 


Witha2.5 ns 
cycle time, only 
one memory’s 
faster. 


As the fastest static RAM in the world, our 12G014 256 
x 4-bit static RAM provides updated information ata 
400 MHz rate. With a 2.5 ns cycle time and 3.5 ns 
access time, it’s the key component for real time 
systems. 

Since it writes as fast as it reads, (vs. ECL 
SRAMSs which may have a 5 ns read but an 8 
ns write), you can mix your reads and writes 
and process on the fly at 400 MHz. You'll 
create a system with a true snapshot memory, 

As the first registered, self-timed static RAM 
available, the fully ECL-compatible 12G014 NanoRam™ 
latches and pipelines both inputs and outputs, internally 
generates all needed write cycle timing signals, and is 
totally controlled by a single clock input. This architecture 
results in two big benefits: 


1) The cycle time of your system is equivalent to the cycle time 
of the IC itself—2.5 ns; 


2) It's easier to use than your present SRAMs. 


Whenever you need rea/ time memory—ask for details today on our 
memory ICs, full family of GaAs standard PicoLogic™ products, or 
standard cell ASICs. 

GigaBit Logic, 1908 Oak Terrace Lane, Newbury Park, California 
91320-5524. Call (800) GAAS-ICS. In California, (805) 499-0610. 


We read you and will write you. Order our 12G014 today; get delivery from 
IMBUIT 


stock tomorrow. 
GigaBit Logic 
REGISTERS 


AD-AT = & = 


MEMORY 


QUTPUT MASTER. 
SLAVE REGISTER 


po ARO AL! : 
is hee 


“SENSE AMPS _ 
AND VO 


COLUMNDECODER | 
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modular automatic-test-equipment 
standard.) The 535 and 5388 are con- 
tinuous-wave (CW) counters with 
frequency coverage of de to 18 GHz 
and de to 26.5 GHz, respectively. 
Models 585 and 588 are capable of 
counting CW, pulsed, and time- 
varying signals to 18 and 26.5 GHz, 
respectively, with optional coverage 
to 110 GHz. The counters’ YIG (yt- 
trium iron garnate) preselectors 
offer 10W burnout protection. 
Model 535, $5950; Model 538, $6950; 
Model 585, $12,700; Model 588, 
$14,700. Delivery, eight to 10 weeks 
ARO. 

EIP Microwave Inc, 2731 N First 
St, San Jose, CA 95134. Phone (401) 
946-5700. TWX 910-338-0155. 
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SCOPE ADAPTER 


@ Provides conventional scopes 
with digital storage 

® Operates in single-shot, refresh, 
or roll mode 


The TD201 scope adapter allows you 
to add digital storage facilities to a 
conventional real-time oscilloscope. 
The unit digitizes the input with 
8-bit resolution and stores the digit- 
ized trace in a 1k-byte trace memo- 
ry. You can select sampling inter- 
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SURFACE MOU 


Pneumatic Dispense 


a 


DHESIVES: 


Screen Print 


Pin Transfer 


Presenting the versatile dot. 


We pack a lot of 
versatility and flexibility 
into a little dot. Plus a 
lot of experience. We were 
the first to pioneer and 
develop surface mount 
adhesives (SMA™). As the 
world’s leading manufac- 
turer supplying the largest 
companies, we have the 
products, application 
knowledge and technology 
to meet your dot demands. 

When it comes to 
cure speed, packaging, 
dielectric strength, cure 
options, green strength, 
chip shear strength and 
thixotropic qualities, we 


OOOO 


©1987, Emerson & Cuming, Inc. 
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know what you and your 
engineers want. And we 
know what you don’t want. 
Problems. That’s why our 
high-contrast, fluorescent 
SMA’s are designed to 
make your pneumatic 
dispensing, screen printing 
or pin transfer operations 
a dot delight. 

Find out more. Call or 
write us on your letterhead 


for a free sample. Just give 


us your basic application 


specs and we'll send you a 


special Dot Decision Kit. 
It’s packed with informa- 
tion and a free sample of 
material. 


CIRCLE NO 189 


Call or write: 

Emerson & Cuming, Inc. 
Dot Decision Kit 

77 Dragon Court 

Woburn, MA 01888 
617-935-7574 =a: 


RAO. wre. ed sa. Pee) han teers 


Send for information 
and a free sample. 


EMERSON 
& CUMING. 


GRACE Polymer & Electronic Materials 
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vals of between 5 wsec and 5 sec, 
giving corresponding horizontal 
timebase ranges of 0.5 msec/div and 
500 sec/div. The unit’s effective stor- 
age bandwidth is de to 20 kHz. You 
can operate it in single-shot, re- 
fresh, or roll modes. It has both 
internal and external trigger facili- 
ties, and you can display 0, 50, 
or 100% pretrigger information. 


The instrument also has a real-time 
scope mode with a bandwidth of de 
to 200 kHz. Its input-sensitivity 
ranges are between 5 mV/div and 
20V/div, and it has a maximum in- 
put-voltage capability of 250V de or 
ac peak (or 250V rms for 1 minute). 
The scope adapter operates from 
disposable or rechargeable batteries 
or from an ac line adapter. Its bat- 


. A Little Piece 


o Incorporated 


10301 Willows Road _ 
_ Redmond, WA 98052 

(800) 822-8782 

(206) 882-3100 
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tery-backup feature retains data in 
the trace memory for as long as four 
years. £195. 

Thandar Electronics Ltd, Lon- 
don Rd, St Ives, Huntingdon, 
Cambs PE17 4HJ, UK. Phone 
(0480) 64646. TLX 32250. 
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CALIBRATOR 


®@ Calibrates electrometers and 
picoammeters 
© Offers 4-wire, guarded outputs 


The Model 263 calibrator works 
with electrometers and_pico- 
ammeters. The unit supplies cur- 
rent from 2 pA to 20 mA, charge 
from 20 pcoulomb to 20 wcoulomb, 
and voltage from 200 mV to 20V. It 
measures resistance from 1 kQ to 
100 GQ. For low-current calibra- 
tions, the unit offers 4-wire outputs. 
An IEEE-488 interface is standard. 
$3495. 

Keithley Instruments Inc, 28775 
Aurora Rd, Cleveland, OH 44139. 
Phone (216) 248-0400. TLX 985469. 
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BOARD ATE 


@ ATE combines in-circuit and 
functional testers 

@ Uses Macintosh Plus as work- 
station 


The 850 F/I board-level ATE system 
performs both functional and in-cir- 
cuit testing. The tester handles 1P 
boards with clock speeds to 40 MHz 
and can invoke onboard diagnostic 
routines. The device has a digital 
capture memory of 8k bits/pin max, 
and its hardware includes a 16-chan- 
nel, 8-MHz logic analyzer. A Macin- 
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HM Convert your IBM PC/XT/AT or 
compatible to a full duplex 
Async Link Analyzer. 


M@ Baud rates up to 9600 baud. 

@ Programmable trigger sequences. 
@ Stores and displays up to 32k. 

M@ Totally passive, no insertion effect. 


MW Datacanbe storedas DOS files. 
Any DOS program can manipulate 
and process the data — — or 
write your own. 


Software package 
includes cabling 


f 
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INFORMATION SYSTEMS. INC. 


44 Netto Lane, Plainview, NY 11803 
516/933-2130 
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Free Catalog 


New edition MAGNIFERS 
cole” i mnacrapES 

TELESCOPES 

MAGNETS 


LABORATORY 
EQUIPMENT 


PHOTOGRAPHY 
PUMPS, MOTORS 
WEATHER 
MIRRORS 
OPTICS 

LASERS 

——” FIBER OPTICS 

Thousands ofhar-o-ind oroaucs TD OLS & MORE 
used in industry, research, by hobbyists. 


Serving Industry Since 1942 


Edmund Scientific Co. 
4103 Edscorp Bldg., Barrington, NJ 08007 
ie del eae cl 
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e A through D size drawing. e User expandable library 
e 3 levels of zoom. has over 1000 parts. 
e uses keyboard and/or e Prints bill of material, net 


mouse list (Futurenet, EDIF). 


PC BOARD LAYOUT $250 


e Board size 36 x 36 e Trace width .001 inch to 
e 256 layers include 0,259 inch. 
silkscreen & solder mask. e Connectivity check with 
e User definable pad and NETLIST. 
hole shape sizes. e Optional autorouter $ 250 
available Soon. 


Both packages support IBM PC with CGA, EGA & HGA graphics 
cards. IBM, Epson, Okidata printers and Hewlett-Packard, 
Houston instrument and all other plotters. Demo Disk $ 10 


(305) 975-9515 ry) r py S 800-9PC-FREE 


ADVANCED MICROCOMPUTER SYSTEMS, INC. 
2780S.W. 14th Street Pompano Beach, FL 33069 
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Your Connectors’ Bank 37*:3"" 
in Taiwan 


D-SUB FLAT CABLE TYPE 
3007 Series (Long) 
3007 (9, 15, 25, 37) 


D-SUB P.C.B. (9.4mm) 
CONNECTOR 

300 6 Series 
Machined pin 

3006 (9, 15, 25, 37, 50) 


HO CHIEN ENTERPRISE CO., LTD. 


Office: No. 6, Lane 32, Sec. 1, Kuang Fu Rd., San Chung City Taipei Hsien, Taiwan, R.O.C. 
P.O. Box 19-362, Taipei, Taiwan, R.0.C. Tel: (02) 9953505 (5 lines) 
HO CHIEN Tix: 33493 HOCHIEH Fax: 886-2-9953167 
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Chip Sockets? 


Ours are the 
Finest! 


We offer a wide range of computer con- 
nectors and cables. From molding, plastic 
injection through assembly to finished 
products, all items are produced in-house, 
using an integrated operation system. In 
addition, we are a specialist manufacturer 
producing plastic injection molds which 
are suitable for parts and accessories of 
electronics. Customers’ designs and spec- 
ifications are most welcome. Contact us 
today for full details. 


Distributor & 


Manufacturer & Exporter OEM Wanted. 
OU PIIN ENTERPRISE CO., LTD. 


No. 80, Lane 210, Ting Kan St., Sanchung, Taipei Hsien, Taiwan, R.O.C. 
Tel: (02) 9822315—7 Telex: 33429 OUPIIN Fax: 886-2-9852561 
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tosh Plus controls test-program de- 
velopment. The system’s software 
includes automatic vector-transla- 
tion routines. Its hardware options 
include a counter-timer module, 
IEEE-488 links, and a custom func- 
tional-test module for user-designed 
circuitry. 850 F/I, $263,000 typ; F/I 
retrofit for existing 850s, $20,100. 
Zehntel Inc, 2625 Shadelands Dr, 
Walnut Creek, CA 94598. Phone 
(415) 932-6900. TWX 910-385-6300. 
Circle No 422 


WINCHESTER TESTER 


e@ Interfaces to ST506, SCSI, and 
ESDI drives 
@ Measures timing parameters 


The CS-1010 Winspector is a Win- 
chester disk-drive tester that works 
with three interfaces: ST506, SCSI, 
and ESDI. The tester comes with 
built-in test programs and exercises 
the drive’s logic, control, and status 
lines. It also measures timing pa- 
rameters. Its options include RLL- 
encoded data and 5-MHz or 7.5-MHz 
data rates. $7000 to $8450. 
Cambrian Systems Inc, 31364 
Via Colinas, Westlake Village, CA 
91362. Phone (818) 991-7026. 
Circle No 423 


BOARD TESTER 


e Adds functional tests to in-cir- 
curt tester 
e Incorporates logic analyzer 


The 850F/I is an upgrade of the 
firm’s earlier 850 in-circuit tester; 
the upgrade includes some function- 
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al-test capabilities. For example, 
the tester can invoke and analyze 
the results of built-in tests present 
on »P-based boards. It can handle 
wPs having clock speeds as high as 
40 MHz, and it captures data at 10 
MHz. The tester’s 16-channel, 
8-MHz logic analyzer has an 8k- 
sample memory and a 100-MHz 
counter/timer. The tester uses an 


%y COMPILERS 
eC oe C++ 


e Pascal © FORTRAN 
% MACRO ASSEMBLER /LINKERS 
%. SIMULATORS 


ty. SYMBOLIC DEBUGGERS 


¢ Other Complete Tool-Kits Targeting: 
— 80386 plus 8086/ 186/286 
— NS320532 
— Fairchild Clipper 


© OASYS PC Platform™ 32-bit /2MB- 
16MB Co-Processor Board for IBM PC 
and Compatibles. 1-5 MIPS. UNIX 
and MS-DOS on the same System. 
Supports OASYS Tool-Kits. 


Trademarks are acknowledged 
DEC, Microsoft, AT&T, and XEL, Inc. 
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OASYS Solves the 
Cross-Development Puzzle — 
Every Piece is in Place 


68020+ 
68881 


Oasys offers the complete development solution 
Fast, Highly Optimized and Available 


68020 + 68881 and 68000/ 10 Cross & Native Development Tools 


Plus over 120 other software development tools including: 


© C++: Object-Oriented C++ Translator 


Let us heip you solve your puzzle. 


————— A DI SION OF XE ag 
A 2. “Ve 


a ae a ae ST OE A i Cr Gr ee” 
60 Aberdeen Avenue, Cambridge, MA 02138 (617) 491-4180 =" 


Apple Macintosh Plus for program- 
ming. You can append I[EEE-488 
instruments to the tester. $263,000 

(800 nodes); F/I retrofit, $20,100. 
Zehntel Inc, 2625 Shadelands Dr, 
Walnut Creek, CA 94598. Phone 
(415) 932-6900. TWX 910-385-6300. 
Circle No 424 


Vy. PERFORMANCE ANALYSIS TOOLS 
¥y. REAL-TIME OPERATING SYSTEMS 


Fy. LANGUAGE-SENSITIVE EDITORS 


Vg. COMMUNICATIONS/DOWN- 
LOADING UTILITIES 


e PC/Ada: Validated Ada® and APSE 
for IBM PC and Compatibles 


TOOL-KITS 


AVAILABLE FOR: OASYS SERVICES: 
VAX /VMS/ULTRIX e New ports easily 
SUN arranged 
APOLLO 
GOULD © OEM, site and cor- 
IBM PC porate licensing 
OASYS PC 

PLATFORM™ ¢ Training available 
...MANY MORE 


LP. 
To ma 
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to: U.S. Government (AJPO), 
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Booklet features 
recorder supplies 


The 20-pg catalog, Recorder Sup- 
plies, provides a listing of supplies 
for the company’s line of recorders. 
Photographs of the recorders, as 
well as detailed drawings of the sup- 
plies, help you order the supplies 
you need. A cross-reference guide 
that lists the old and new catalog 
numbers is also included. 
Soltec Corp, Sol Vista Park, San 
Fernando, CA 91340. 
Circle No 426 


Software eases 


selection of CAE/CAD 


The Buyers’ Guide kit includes a 
videocassette on how to evaluate a 
CAE/CAD purchase, an extensive 
manual on how to shop for CAD, and 
an item-by-item check list for com- 
parison shopping. It also contains a 
software package that allows you to 
compare a wide range of CAE/CAD 
software products. The software 
combines the elements of spread- 
sheets and rational decision theory 
to aid you in choosing from a variety 
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of products. It features a context- 
sensitive help function, a tutorial, 
and a windowed environment. $99. 
Aptos Systems, 10 Victor Square, 
Suite 200, Scotts Valley, CA 95066. 
INQUIRE DIRECT 


IC product book 
extends coverage 


The 38th edition of Linear ICs pre- 
sents information on more than 
15,000 linear ICs from 153 manufac- 
turers. It has an expanded op-amp 
section that lists single, dual, triple, 
and quad devices, including pro- 
grammable, ultralow noise, and 
biF ET types. The book covers many 
analog devices, such as amplifiers, 
voltage references, motor-control 
circuits, phase-locked-loop devices, 
RF/IF amplifiers, sensor circuits, 
timers, transistor arrays, wideband 
amplifiers, and voltage compara- 
tors. It features circuit drawings 
and device outline drawings, a ge- 
neric index that highlights surface- 
mount packages, a military-com- 
mercial cross-reference section, and 
manufacturer information. A sub- 
scription, which includes two semi- 
annual editions, costs $110. 
DATA Ine, Box 26875, San Diego, 
CA 92126. 
INQUIRE DIRECT 


Vector signal generator 

and vector analyzer examined 
Introductory Operating Guide to the 
HP 8780A Vector Signal Generator 
and Introductory Operating Guide 
to the HP 8980A Vector Analyzer 
supplement the information that ap- 


pears on the two products’ technical 
data sheets. The 32-pg guide to the 
vector signal generator (Publication 
0954-6368) reviews vector modula- 
tion and elaborates on modulation 
capabilities—digital PSK/QAM, 
FM, amplitude/scalar, and combina- 
tions of simultaneous modulations. 
Application examples include 
shaped-pulsed modulation and fre- 
quency-hopped signals. The 32-pg 
document on the vector analyzer 
(Publication 5954-6369) examines 
the three basic operating modes of 
the 350-MHz baseband analyzer— 
vector, constellation, and time 
modes. It also covers special mea- 
surement routines and instrument 
familiarization, and describes appli- 
cations setups. Several appendixes 
cover subjects such as vector de- 
modulator theory and IEEE-488 
codes for programming. 
Hewlett-Packard, 1820 Embar- 
cadero Rd, Palo Alto, CA 943038. 
Circle No 429 


Packet contains facts 

about EMS products 

The EMSPAK/D package combines 
available literature on the EMS 


(Energy Management Series) pow- 


er-module products. Data sheets are 
included for products with current- 
handling capabilities ranging from 
50 to 300A and 1000 to 1200V. Also 
included in the package is the EMS 
Selector Guide (SG114), along with 
data sheets for the 22 devices in the 
series. 

Motorola Inc, Literature Distri- 
bution Center, Box 20924, Phoenix, 
AZ 85063. 

Circle No 435 


App notes address problems 
with dual-port memory 


These two application notes deal 
with the problems and tradeoffs 
that occur when designing systems 
using dual-port memory. The first 
note, Some Practical Thoughts 
about the Value of Dual-Port RAM, 
looks at the cost and performance 
tradeoffs between SSI/MSI dual- 
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__ PRODUCT MAE 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


squency synthesizers produce precision frequencies, 
verned by ahigh-stability frequency standard. With easy, 
st remote programming, they are vital in advanced 
2asurement or production systems and serve as stand- 
yne test equipment. Properties, specs, applications + 
ices of the PTS 040, 160, 250 + 500 are given. Data sheets 
2 new units, the PTS 120 and 160/250 Delta are included. 
ogrammed Test Sources, Inc., 9 Beaver Brook Rd., P.O, 
x 517, Littleton, MA 01460 (617-486-3008) 
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NEW SAMTEC BOX CONNECTOR STRIPS 


lew box connector strips mate with .025” sq. 
2rminal strips. In choice of 3 entry styles, 
ingle or double rows, up to 50 positions/row. 
ntry styles include top entry, dual entry (ter- 
1inal inserted above or below board) and 
orizontal entry. These strips offer low profile, 
ide and end stackability. Double beam phos- 
hor bronze contacts for high reliability, low 
1sertion force. Prices: start at $2.27 each for 
0 positions in 1000 pc. lots. Contact: 
SAMTEC 
P.O. Box 1147, New Albany, IN 47150 
Phone: (812)944-6733 
Fax: (812) 948-5047 Twx: (810) 540-4095. 
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NEW SPRAGUE IC DATA BOOK 
A new 784-page engineering and selection guide on 
more than 120 integrated circuit families is now 
available free of charge from Sprague Electric. Com- 
plete with application notes, drawings and cross- 
references, the book covers families of high-voltage 
drivers, medium-current drivers, high-current 
drivers, BiMOS (smart power) drivers, military CMOS 
logic and military bipolar and BiMOS devices, and 
linear ICs. Request IC Data Book, WR-504 from: 
SPRAGUE ELECTRIC COMPANY 
Technical Literature Service 
P.O. Box 9102 
Mansfield, MA 02048-9102 
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C CROSS-COMPILERS 


¢ Field-proven bug-free software 
e Runs on VAX, Sun, PC/AT 


¢ Includes compiler and optimizer, 
relocating assembler, 
linker/librarian, run-time C 
library, and various utilities 


Okapi Systems, Inc. 
P.O. Box 3095 » Everett, WA. 98203 
(206) 258-1163 
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eogasens . ‘ 


QUALITY PROM & LOGIC PROGRAMMERS 
FOR VIRTUALLY EVERY I.C. DEVICE 

@ Model 824 EE/EPROM & nC Programmer 

@ Model 825 EE/EPROM SET Programmer 

@ Model 828 GANG/PARALLEL Programmer 

@ Model 860 LOGIC/PLD Programmer 

@ Model 803-DP5 UNIVERSAL Programmer 

@ Model 804 Programmer & SIMULATOR 
Phone TOLL FREE for Specifications 
1-800-367-8750 (in NJ 201-493-2420) 


' DIGELEC, Inc. 
C IGelec 1602 Lawrence Avenue 
Ocean, NJ 07712 
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PADS PCB 


$975.00 


USA & CANADA ONLY 


Everything you’ve always wanted in 


a CAD Engineering workstation 
and affordable! 


Inputs from FutureNet™, Orcad™, Schema™ 

1 Mil database, 32 x 32”, 30 Layers 

Routing Grids: 1, 5, 10, 20, 25 & 50 Mils 

1,2 &3 Tracks between IC Pads 

Interactive and Automatic Placement and Routing" 

XT, AT & 386 (and compatibles) 

Full Air Gap & Connectivity Checking 

200 IC Capability (400 IC optional) 

Full SMD & Analog Support 

Evaluation Kit $50.99: contains actual software on 

multiple disks, and detailed manuals 
Outside MA 1-800-255-7814 

Inside MA 1-617-486-9521 


CAD Software, Inc. 


P.O. Box 1142, Littleton, Massachusetts 01460 
CIRCLE NO 330 
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ofall3 options from simple inv 
rolling code scrambler. 


NX: COM, INC. 


TOLL FREE 1-800-638-5577 


‘00 Bethania tatign Road ¢ Winston-Salem, NC 27105-1201 
TOLL FREE 1-800-638-5577 ® (919) 744-5050 
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PLD 
PROGRAMMER 


$1295 Including PC software 


Supports over 200 PLD's, including 
bipolar, CMOS, and erasables. 


* Universal electronics; software driven 
from PC/XT/AT or compatible. 


* Convenient upgrades on disk; no 
firmware or personality modules. 


* Uses standard JEDEC files; supports 
128 test vectors and full screen edit. 


PC BOARD TRACE AMMETER 

Solve your next printed circuit test or analysis problem 
twice as fast by measuring trace currents in addition to 
voltages. 

The IEX-1500 uses a single four-point probe to measure 0 
to 1500 milliamps DC with 1 milliamp resolution in un-cut PCB 
traces. It does not depend on in-line resistors, field measure- 
ments or knowledge of trace resistance. 

Operation is as simple as placing the probe on the trace and 
reading the current. 

CALL FOR RISK FREE TRIAL: (904)-335-7730 — 


WAYNE ENGINEERING 
5426 NW 32ND STREET 
GAINESVILLE, FL 32606 


Supported by Nicolet Instruments - 
over 20 years in high technology. 


* Just $1295 complete, including 
new device updates! 


Nicole 800-NICOLET (642-6538) 


or 608-273-5008. 
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auelo” 68000 Development 


First release 1983 - MOTOROLA compatible - produces ROMable 
code, S-records, extended TEK hex, UNIX COFF. Portable 
SOURCE CODE. Native and cross versions on: ATARI ST, AMIGA, 
Masscomp, Sun, Apollo, Charles River, VAX VMS and UNIX. 


CIRCLE NO 335 
PURE DC MOTOR CONTROLLER 


68020 Cross Assembler Package 


Supports 68000, 68010, 68020, 68881 and 68851 
For CP/M-68K and MS/PC-DOS - $750 


68000/68010 Cross Assembler Package 
For CP/M-80, -86, -68K and MS/PC-DOS - $595 


The DC-200 drives any DC motor up to 
120 Volts at 3 amps in either direction. 
125KHz converter output is filtered 


68000 "C" Cross Compiler 
For MS/PC-DOS by Lattice, Inc. - $500 


N 68020 Disassembler N before going to motor. Fast response, 

_ Surpos 0nn, 6010, sz, a8, 86 W 1.00 form factor, cooler motor, brush life 

sol anal cpt sarnb onGelUnios GHGS j extended to the limit, motor runs quiet. 

lap en ORE RE SV ia Microcomputer processes isolated in- 

5 For MS/PC-DOS by Big Bang Software. Inc. - $285. VAX - $1900 : puts with on- board user adjustments to 
: generate smooth, predictable motion 

i ee Ree iP seetemee en ais profile. $195 per 100 and less if analog 

Seattle, WA USA 98199 in put. 
Site, Corporate, OEM licenses Phone 206/285-2528 
COD, Visa, MasterCard Telex 910-333-8171 


Zahn Electronics, Inc. 
2629 Lathrop Ave., Racine, WI 53405 
414-634-4300 
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JM: Quelo, Queio. Inc.; MS, Microsoft Corporation; CP/M, Digital Research 
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iltering, and easy pP interface. 
Now in both DiL and PLCC. 


NX: COM, INC. 


TOLL FREE 1-800-638-5577 
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SAVE SPACE WITH Q/PAC® COMPONENTS 

¢ Provide built-in capacitance 

e Eliminate decoupling capacitance 

e Gain 4-layer board quietness | 
with 2-layer economy 

¢ Vertical or horizontal mounting 


Send for Rogers Q/PAC® 
Application Bulletin. 


Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 
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2.5W, MINIATURE HIGH ISOLATION 
DC/DC CONVERTERS, I-SERIES 


¢ I/O Isolation; 2500 VDC ¢ —30°C to + 75°C 

e Input Pi Filter Operation 

e Protection of Input & Output ¢ 200KHz Switching 

¢ Single & Dual Outputs Frequency 

¢ Line & Load Regulations; ¢ Compact 1.3” x 1.3” 
+ 0.06% x 375" 

¢ Efficiency; 60%, min @FL ° AN & TELECOM 

Applications 


Prices from $49.00 (1-9) Del. 2-3 weks. ARO 


CONVERSION DEVICES, INC. 
101 Tosca Drive, Stoughton, MA 02072 
Tel. 617-341 -3266, TLX 920014 
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AUTOCAD USERS! 


Galaxy MagniCAD gives you 
instant zoom windows in 800 x 600 
resolution for speedy edits and 
immediate redraws of even the 
most complex AutoCAD drawings. 
Zoom in on AutoCAD with Galaxy 
MagniCAD. Another price/performance 
solution from GalaGraph. 


GalaGraph Ltd | 
Tel: (408)734-2202 


1270 Lawrence Station Rd., Bldg. E Telex: 6502552141 MCI 
Sunnyvale CA 94089 Fax: (408)734-2812 
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_ RELAY 
Engineering Manual 


RELAYS 


ENCENEESING Maia: 


Send for the latest 44-page Relay Engineering Manual from 
Deltrol » Packed with useful information on reliable general 
purpose, magnetic-latching, and time-delay relays ° Light, 
medium and heavy duty power loads, including Appliance 
and Industrial-rated units. 


2745 S. 19th St. 
DELTROL Milwaukee, WI 53215 


Phone 414/671-6800 
controls Telex 2-6871 


1306 DIVISION OF DELTROL CORP. 
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UNIVERSAL EPROM PROGRAMMER KIT FROM $95! 


¢ On board power supply, 110/220 VAC; 

e Menu selection; No personality modules; 

e Built in monitor for easy I/O debugging; 

e User friendly softw; Full tech. support; 

e Detailed 50 page manual with schematics; 

e Quick pulse alogrithm: 27256 under 60 sec 

e All 24/28 pins to 27011 & CMOS E(E)PROMS 

@ Micros: 8741, 48, 48H, 49, 49H & CMOS 

e Auto baud RS232 to 19.2k; Free PC drivers 

e Ofset/split Hex, Binary, Intel & Motorola 8, 16 & 
32 bit files; 2 board cased unit $495! 


B&C Microsystems 
355 W. Olive Ave, Ste 103, Sunnyvale, CA 94086 
Ph(408)730-5511 800-642-7617 Visa & MC 
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What you should know 


ee DATA ACQUISITION 
wy & CONTROL COMPUTER 
WITH BASIC 


The 886 STD Bus 
CPU is an inte- 
grated hardware/ 
software solution 
for data acquisi- 
tion and indus- 
trial control. 


FREE wie 
What you a 


Should know abou 
NiCad battery packs. 


This 12-page booklet tells you how: 


e You can make battery packs last longer 
e Your storage system may be robbing 
battery life 

Proper disposal prevents accidents 


* ROBASIC ™-resident, multi- * RS-232C serial port 


, tasking industrial BASIC * 16 digital channels, 
Ne alc pow NiCad Oar ee * Generates ROMable code 8 high current 
¢ Why today’s battery packs are more * 9 interrupts supported ¢ 5 counter/timers 


reliable than yesteryear’s battery packs * 5 MHz enhanced 8088 CPU __ * Autorun capability 
* 1 Mbyte memory addressing * Object code debug 
* 160K bytes memory space monitor 


° 8 10-bit analog inputs - 5-year warranty 
Call 303-426-8540 for Immediate Response 


6510 W. 91st Avenue 
OCTAGON SYSTEMS Westminster, CO 80030 


CORPORATION TELEX: 4931919 
CIRCLE NO 342 


Powering Your Portable World 


‘§y Alexander Batteries 


P.O. BOX 28880, SAN DIEGO, CA 92128 619-480-4445 FAX 619-480-1350 
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Glide Through PCB Design. 


TangoPCB Create the toughest board designs 
with powerful layout software that’s a snap to use. 
Function-rich Tango-PCB supports eight layers, 1 mil 
erid, OrCAD™ or Schema” netlist input, print/plot/ 
photoplot output, and more. 


TangoRoute “Get impressive completion rates 


and remarkable speed with Tango-Route, a four layer, 


eleven pass autorouter. Just $495 each 


NEW STD BUS INSTRUMENTS 
Smart instrumentation runs its own high 
level language with built in 8 MHz micro- 
computer. Isolated from bus ground to 
1000 V. High speed 12 bit A/D with user 
definable signal conditioning for each 
channel. Heavy duty 8 CH 13 bit D/A. 8 
CH relay and 128 CH solid state multi- 
plexers. User customizable module too. 
Both Z80 and Ziatech 8088 STD DOS 


compatible. For IBM PC/XT/AT/PS2. Compare features and you'll buy 
MILLER TECHNOLOGY, INC. Tango. Or try full-function Demo Package, just $10. 
647 N. Santa Cruz Ave. Order toll-free: 800 433-7801. VISA/MC. Thirty-day 
Los Gatos, CA 95030 money back guarantee. 
(408) 395-2032 ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 
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DISPRO’ DIGITAL FILTER DESIGN 


SOFTWARE FOR IBM™ PC,-XT,-AT AND COMPATIBLES 


The DISPRO family of digital filter design and evaluation software 
provides the broadest range of capabilities at affordable prices. 
= Complete filter type coverage: select from standard IIR and 
FIR forms, or FIR with arbitrary magnitude response shapes. 
m Full user control: no hidden decisions. Allows exhaustive 
exploration of performance vs. complexity tradeoffs. 
w Coefficient formats: 32-bit floating point, 2 to 24 bit integer. 
Calculate and plot frequency response data for any wordlength. 
mw Superior graphics: total user control over plotting scales. 
Single-key initiation of hardcopy output of any graphics screen. 
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Now, bigger 
discounts 
than ever 


design, time and frequency domain analysis and evalua- 

tion. Full modelling of IIR filter operation in fixed-point 
arithmetic, with spectral analysis of input and output. $1150 
Available in modular form. 

ARBITFIR/PM — Create arbitrary passband and stop- 

band shapes for equiripple linear-phase FIR designs. Ac- $295 
cepts numerical as well as analytical shape specifications. 
ARBITFIR/FSW — The techniques of frequency 
sampling and window design are combined with a high 

level of graphics flexibility to develop completely arbitrary $345 
magnitude response shapes for linear-phase FIR filters. 


CODEGEN/320 — Interface with DISPRO filter $95 
design files to generate source code for the TMS320 family 
of DSP processors. 


SIGNIX Corporation 
19 Pelham Island Road, Wayland, MA 01778 (617)358-5955 


DISPRO software. the choice of DSP designers worldwide since 1983 
Requires DOS 3.x, 256K memory. CGA or EGA graphics. 8087 optional 
® DISPRO is a registered trademark of Signix Corporation 


CIRCLE NO 348 


DISPRO v1.5 — The complete system: IIR & FIR $295 
TO 


= Medium to very 
low pressures 


=» 100.25% 
accuracy 


Call for Free test 
unit and low prices 


® 800-323-7115 In PA, 800-323-7114 


COMPANY 


Robinson-Halpérn 


A Subsidiary of Teleflex Incorporated (USA) 
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|EEE-488 


MxXI-100 


@ GPIB controller board for IBM 
PC/XT/AT 

@ Control up to 14 Devices 

e User friendly Software Commands 

@ DMA Transfer to 200k byte/sec. 


$345.00 including software 


QUA TECH, INC. 


478 E. Exchange St. Akron, OH 44304 
(216) 434-3154 TLX: 54101012726 


CIRCLE NO 349 


MULTIBUS: 


Your Time Has Come! 


The mSBX-241™ 
Multimodule is a 
robust, precision Real- 
Time Clock/Calendar 
in SBX format with on 
board battery backup. 


General Features: 

L] For high performance systems: 
no wait states or software overhead 

[_] Attaches to all SBX and BLX compatible Multibus boards 

L] Programmable alarm clock and periodic interrupts 

L] 12 or 24 hour time modes, in both BCD and binary format 

L] Internal 100 year calendar with leap year compensation 

L] Selectable automatic Daylight Savings compensation 

L] Contains fifty bytes of general purpose non-volatile RAM 

L] RMX-86/286 drivers supplied on diskette 


For more information contact: 
Medinova Corporation 
Intelligent Systems Group 


244 West Court, Palatine, Illinois 60067 
Telephone (312) 934-4700 


Multibus, Multimodule TM Intel Corp. 
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MICRO/Q Il 


FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 

ROGERS MICRO/Q® II 

Rogers Corp., 2400 S. Roosevelt, 

Tempe, AZ 85282. 602/967-0624 
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MODULAR 
DATA ACQUISITION 


For IBM & Compatibles 
Flexible and Inexpensive 
Money Back Guarantee 
Free Technical Support 


Fast Delivery 
QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 
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78000* MULTIBUS* BOARDS 


Single Board Solutions has specialized in 
Z8000-based SBCs for over five years. In 
addition to our own MB8000/MBx8000 line, we 
have recently acquired the technology for 
several other Z8000-based boards previously 
manufactured by AMD and Central Data Corp. 
We are producing boards 100% compatible 
with the following models: 96/4116A, 96/4126, 
CD21/1116, CD21/1126, and CD21/1801 
(B1034). * 

If you have an existing or anticipated use for 
Z8000-based boards, please call or write for 
more information. 


Single Board Solutions, Inc. 
20045 Stevens Creek Blvd. 
Cupertino, CA 95014 
(408) 253-0250 


*Trademarks: Z8000-Zilog, Multibus—Intel, 
CD21/... & B1034 - Central Data Corp. 
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VMEbus CPUs - 
100% MOTOROLA MVME COMPATIBLE 
LOW COST PLUG-IN REPLACEMENTS 
Quantity One Pricing 


¢ TVME 1611 (MVME 117-3 Compatible) $895 
Up to 4 MB DRAM 


¢ TVME 1612 (MVME 110-1 Compatible) $620 
System Control at 8 or 10 MHz 


¢ TVME 1613 (MVME 110-1 Compatible) $795 
Up to 1 MB Shared DRAM 


TL Industries, Inc. Toledo, OH 43619 
Call Now - Toll Free 1-800-227-8144 


CIRCLE NO 756 


Communications Board 


a * 


“a ae 


eFor IBM-PC/AT/XT and |: 
compatibles 

eDual RS-422/RS-485 interface 

eDifferential drivers to 4000 ft. 


Fast Delivery 
QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 
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tmx /S0 


havens 


8051 Executive 


imx/51® for the 8051 microcontroller series 
provides: 20 system calls; up to 31 concurrent 
tasks; priority driven re-entrant scheduling; vir- 
tual register bank and stack for each task; 
queues and mailboxes for message buffers, 
task synchronization, resource sharing, and 
request queues; timing delays, real-time 
response, unconstrained user interrupts, and 
deterministic operation — all contained in a 
2K x 8 EPROM. 


For more information call Rob Cianci, Applica- 
tions Engineer at (305) 869-8168. 


Intelligent Machinery Company 
2400 Westwood Drive, Longwood, FL 32779 
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$941.00* 


singl 


6800 MPU, serial I/O, parallel 1/O, RAM, EPROM, 
44-pin 4,5” = 6.5” PCB 

EXPANSION MODULES: RAM, EPROM, CMOS RAM/ 
battery, analog 1/0, serial 1/O, parallel 1/O, counter/ 
timer, IEEE-488, EPROM programmer, floppy disks, 
cassette, breadboard, keyboard/display. 


Wintek Corp. 
: Lafayette, IN 47904 
317-742-8428 


(800) 742-6809 
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=LIMINATE DECOUPLING CAPACITORS 


CAP-BUS® CAPACITOR/BUS BAR 
Eliminate the decoupling capacitors and the 
Dower and ground traces from your PCB for 
more reliability. CAP-BUS® has a distributed 
capacitance of .05 micro-farads per lin. in.,.at 
50 VDC with low inductance and low im- 
pedance. The capacitor and the bus bar have 
peen joined together for CAP-BUS®; a more 
efficient capacitive decoupled power dis- 
tribution system, increasing IC density ona 
two sided board. 


FELDRE COMPONENTS, INC. 1500 Jefferson Rd. 
Rochester. NY 14623 
(716) 427-7280 
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Bus Coupling Transformers for 

Ethernet Local Area Networks 
\IE Magnetics’ new series of pulse transformers is 
lesigned for bus coupling Manchester encoded data 
1 the frequency range of 1 to 10 MHz to a 78 ohm 
hielded twisted pair bus in conformance to IEEE 
standard 802.3. They are suitable for both the data 
nd control channels and with proper terminating im- 
yedances may couple either a twisted pair AUI or 50 
yhm coaxial cable trunk. Available in single and three 
ransformer styles. 

AIE Magnetics 
2801 72nd Street North 
St. Petersburg, FL 33710 
813-347-2181 
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68000 
NEW! 68010 
Z80 Z80+ 
8085 8088 
NSC800 


In-Circuit Emulators 


Real time or single step execution. 
Small enough to plug into LP socket. 
RS-232 interface to terminal or PC. 
Up/download HEX/S-record files. 
Hardware or software break points. 


$550 to $1995! 


Nicole 800-NICOLET (642-6538) 


or 608-273-5008 
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or all your telecom 
equipment design needs: 


© Call Progress Tone Detectors & Generator 

CMOS detectors for telephone system tones 
(dial tone, ringback, busy, special information); 

CMOS generator for standard call progress 
tones. 

@ DTMF Receivers 
High quality receivers for all applications. 

@ MF Receivers & Generator 
CCITT R1 & R2 receivers; CMOS generator IC. 

@ DC Signalling Products 
Line sense relay; Dial pulse counter & hook 
status monitor IC; Binary input pulse dialer IC. 


TELTCONE” 


i At only $995, no electrical engineer 
fo can afford to be without this end-to-end 
circuit design, simulation and PCB layout tool. 

You can pay up to 15 times more and still not get all 
the features offered by EE Designer—Schematic 
Capture. ..Circuit Simulation. ..PCB Layout. 

30 day money back guarantee. Full purchase price 
refunded if not completely satisfied. 

Call 1-800-553-1177 


today to order your a i OD. iuiw. iw 10801-120th Ave. NE, Kirkland, WA 98033, (206) 827-9626 
package. Bank cards 43 Gibraltar Dri F of % 
welcome. ae ete GAgdoas 1-800-426-3926 
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Analog Circuit Simulation 
A full featured SPICE based simulator runs on 
the IBM PC with interactive Input and Output 


_ These wave- 

. forms show an 

— IS_SPICE 

analysis of a 

oo power Supply 

_ snubber. 

~ Intu_Scope was 

~ used for display 

_ and computation 

_ of power and 

~ energy. The 

* output shown 

~ used an 

.. Intu_Scope 
Bec: _ plotter utility 

PRE_SPICE, $200.00: Interactive control, Monte Carlo 

Analysis, Optimization, libraries and parameter evaluation. 

IS_SPICE, $95.00: Performs AC, DC and Transient analysis. 

Intu_Scope, $250.00: Displays, manipulates and plots data. 

Programs are not copy protected, come with a 30 day money 

back guarantee and require PC with 640K RAM, fixed disk, 

coprocessor and CGA or EGA or Hercules graphics. 


P.O. BOX 6607 


WITH BETTER 
COST/PERFORMANCE 

IST Model 6400 

ADVANTAGES: 


e Tests most Static RAMs or DRAMs up to 1Mbit. 

e Automatically rejects any out-of-tolerance device (in power consump- 
tion or speed) by testing operating current and access time. 

e A software controlled edge deskew procedure generates the most 
precise timing waveforms for DRAMs testing. 

e Tests function with a group of specialized test patterns to detect all 
possible faults. 

e Interface to automatic IC handlers with front panel control sorting 
capability. 

e Stand alone or slave to a terminal or computer (via RS-232C) for de- 
tailed test result display or failure analysis. 

Modular architecture eliminates set-up time when changing over from 
one device to another. 

e Low cost/high performance with one-year warranty. Price: $2,500. 


487 Gianni Street 

Santa Clara, CA 95054 

FAX: (408) 980-1794 

TELEX: 372 4348 INFO SCAN. 


~~ ENERGY — 


6 ORATION SCAN TECHNOLOGY 


1ST 


FOR LOW COST/ Fat 
HIGH PERFORMANCE, call: _—_— San Pedro, CA 90734-6607 
(408) 988-1908 intusoft Tele: (213) 833-0710 
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GANG/SET EPROM MULTIPROGRAMMMER™ 
from BYTEK - HIGH PERFORMANCE LEADER 


scansnnnaroer Tae seas — OS He a 
carom) ae ge SE) 


S125 GANG WRITER is perfect for the production en- 
vironment. 32 char. LCD provides user Friendly 
operation. 

GANG Programmer: Duplicates up to 8 devices at one 
time. Optional 16 devices. . 
SET Programmer: Copies up to 4 masters each with dif- 

ferent data simultaneously. Optional 8 masters. 
Supports all EPROMs & EEPROMs including MegaBit 
Devices. One Year Warranty. Free Software Updates. 


KEY TO PCAD™ SOFTWARE 
e Hardware decoder for all PCAD™ software 

© 100% protocol compatible with PCAD™ security device 
e Used through system RS232-C input port 

e Also provides RS232-C input for your mouse 

e One PC-WIZZ decoder per PC/XT/AT enables it to run all 


Compare features and you'll buy BYTEK. JUST $695. PCAD™ software 
1-800-523-1565 e Price: only $995., shipping included 
In FL: (305) 994-3520 e 90 day warranty 


PC-WIZZ SYSTEMS, INC. 
P.O. BOX 2190, HARVARD SQ. 
CAMBRIDGE, MASS. 02238 
1-800-363-8022 


PCAD™ is a trademark of Personal CAD Systems, Inc. 
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BYTEK CORPORATION 
1021 S. Rogers Cir., Boca Raton, FL 33487 
FAX: (305) 994-3615 TELEX: 4998369 BYTEK 


#1 Choice in (E)PROM/PLD MultiProgrammers. 
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IBM COMPATIBLE RS232 EASI-DISK 
3%2-5%2"” FLOPPY DATA STORAGE & 
TRANSFER SYSTEM 


GANG EPROM 
PROGRAMMER 


Stand Alone 
$995.00 


QUICK PULSE ALGORITHM 
FASTEST EPROM PRODUCTION 
TO 512K BITS, RS-232 OPTION. 


From A Name You Can Trust 


Information Transfer to/from Non IBM Compatible Systems 
to/from IBM & Compatibles: (Over RS-232 or 488 Interface). 


e Reads & Writes MS DOS Disks 

¢ RS-232/488 I/O 

e Rugged Portable Package/battery option 

¢ ASCIl or Full Binary Operation 

¢ Baud Rate 110 to 38.4K Baud 

¢ Automatic Data Verification 

e Price $895 in Singles—OEM Attys. Less. 

28 other systems with storage from 100K to 35 megabytes. 

ANALOG & DIGITAL PERIPHERALS, INC. 
815 Diana Drive Troy, Ohio 45373 
513/339-2241 TWX 810/450-2685 
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LOGICAL DEVICES INC. 


1321 N.W. 65th Place 
Ft. Lauderdale, FL 33309 


1-800-331-7766 (305) 974-0967 
Telex 383142 Fax (305) 974-8531 
CIRCLE NO 785 


See 
INTRODUCING DC/ DESIGN™ 


Design Computation’s 9 7 5 


complete PCB design 
package with schematic capture 


A true high-end CAE/CAD design tool that every electrical en- 
gineer can afford. For IBM PCs and compatibles, DC/ DESIGN is 
feature-packed with schematic capture, parts placement, inter- 
active autorouting and much more. 

Our professional one-mil, diagonal autorouter is also available. 
We challenge you to find 
a better PCB design IWWDESIGN 
package. 

30 ay money-back @COM PUTATION 
guarantee. Call today to Ten Frederick Avenue 
place your order or for Neptune, NJ 07753 
more information. Demo (201) 922-4111 TWX: 510-601-8352 
available. Visa and MasterCard accepted 


AUTOROUTER USES 
ARTIFICIAL INTELLIGENCE TECHNIQUES 


AutoPCB 3.1 is a professional quality, PC-based PCB 
design system. No co-processor board is required. It 
features schematic capture, interactive part placement 
and route editing, and includes AutoROUTE, a powerful 
autorouter that uses artificial intelligence techniques to 
identify optimal routing patterns, such as the S turn and 
C patterns shown above, as part of the routing process. 
Alllayers of multilayer boards are routed simultaneously 
(up to 24). Post processors for photoplotters and drill 
tapes are available. A large, 4500 component part library 
lets you start designing boards immediately. A 30-day, 
full refund quarantee is provided. 


PRO. LIB, Inc. 
624 E. Evelyn Ave., Sunnyvale, CA 94086 
Tel. (408) 732-1832, FAX 408-732-4932 
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Don’t Burn, Shoot, or Blow ... 
Program with the EP-1 
EPRQM PROGRAMMER 


S-232 to any computer. 

Reads, Programs, and copies over 250 EPROM’s 
and EEPROM'’s from AMD, Intel, SEEQ, TI, Fujitsu, 
Hitachi, Toshiba, and 21 others. 

@ 2716-27512, 27011, 25XX, 28XX, 87XX, 687XX, 
Including CMOS and -A suffix. 

e Programs 87C51, 8749, 8741A, 8742 and other 
microcontrollers with optional heads. 

® Splits 16- and 32-bit files. 

® Generates and checks checksums. 

e 

® 


SMARTWORK® PCB SOFTWARE. In a fraction of the time 
hand taping requires, create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program’s 
features include interactive routing, autorouting, continual 
design-rule checking, automatic pad shaving, a silkscreen, 
and text for all three layers. smARTWORK is $895 and comes 
with a 30-day money-back guarantee. Credit cards accepted. 


Wintek Corporation 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 


CIRCLE NO 791 


Batch mode operation works with Make. 
Reads and Generates Intel, Motorola, Tekhex, 
Straight hex, and binary files. 

@ 30 day money back guarantee. 

e UV Erasers from $34.95. 


CALL TODAY FOR MORE INFORMATION 


pes et ors Pe ge IA es 
BPicrosvstens 


10681 Haddington, #190 / Dept. E1 
Houston, Texas 77043 
(800) 225-2102 (713) 461-9430 Telex: 1561477 
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NEED CIRCUIT 
PROTECTION? 


WEG 


and other worldwide approvals 


E-T-A has “THE RIGHT STUFF!” 
@ Commercial, Mil & Low Cost Types @ Magnetic 
or Thermal @ 0.05 to 400 A, 250V AC or 28V DC 
@ ON/OFF Switch/Breaker Combination e PC 
Board & Snap-in Mounts 


[esye/a\ 
CIRCUIT BREAKERS 


7400 North Croname Road, Chicago IL 60648 @ 312/647-8303 
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16-BIT CMOS SINGLE BOARD COMPUTER 
The LPM-SBC50 is an all CMOS STD Bus 
V-50 (CMOS 80186) SBC featuring 1M byte 
addressing, DMA, 32-pin memory sockets, 
serial RS-232/422 channel, 3 timers, 24 
parallel I/O lines, real time clock, and watch- 
dog timer. —40° to +85°C operating 
temperature. Very low power consumption. 
Available as NMOS/TTL or CMOS from 


WinSystems, Inc. 
P.O. Box 121361, Arlington, TX 76012 
(817) 274-7553 
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ry * _ | 


q 
— ¢ be IEEE-488 | 


GP-IB, HP-IB CONTROL FROM YOUR PC. 


@ Control instruments and peripherals. 

@ Supports BASIC, C, FORTRAN, and Pascal. 
@ Use with ASYST™ 
e@ Fast and easy-to-use. Thousands sold. 
@ Hardware and software - $395 complete. 


Lotus Measure™ 


Capital Equipment Corp. 
99 South Bedford St. 
Burlington, MA. 91803 


Call today (617) 273-1818 
CIRCLE NO 793 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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Western 
OEM show, 


make it... 
TY Winter National 


Design Engineering 


“ay 
fi y) Show & Conference ™ 


December 15-17, 1987 


Anaheim Convention Center 


Anaheim, California 


CAD/CAM. Components. Services. Systems. Whatever you 


need, you'll find it at Winter Design.” 


Thousands of products. From hundreds of suppliers. Every 
solution to every design need. All under one roof. 

So, if you go to only one Western OEM show, make it Winter 
Design. Your complete West Coast OEM resource. 


Call now for free show admission or to exhibit: (203) 964-0000. 
Orwrite: Winter Design, 999 Summer Street, Stamford, CT, 
06905-0833. (Be sure to ask for a Conference Program.) 


Special Bonus: Free admission to Industry Techn 


logies Week”™.. 


a three-show event featuring Winter Design, the Advanced 


Manufacturing Systems Exposition and Conference®/West and 


the Winter National Plant Engineering & Maintenance Show 


and Conference.” 
Plus, IMPACT™ West — a four-part theater 


presentation illustrating 


a case study of a major CIM (Computer Integrated 


Manufacturing) implementation. 


You'll get a close look at the entire manufacturing process: 


from design through maintenance. 
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Fast Facts 


Show Hours: 
Tuesday, Wednesday, 
December 15 & 16... 

10am to 5pm 


Thursday, 
December 17...10am to 4pm 


Conference Hours: 
Monday - Thursday, 
December 14 - 17... 

| 9am to 5pm 


Registration opens 3 am. 
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LITERATURE 


SSS 


port mechanizations and monolithic 
dual-port RAM. The second note, 
Cascading Dual-Port RAM, solves 
the problems of expanding dual-port 
RAMs for wider and deeper opera- 
tions. 
Vitelic Corp, 3910 N First St, 
San Jose, CA 95134. 
Circle No 430 


Catalog aids in choosing 
ceramic filters 


Ceramic EMI/RFI Filters features 
descriptions of circuit configura- 
tions and functions. It includes a 
filter-selection flow chart, installa- 
tion guidelines, definitions of terms, 
and military test procedures. Cata- 
log F'D-129 is divided into de-rated 
and ac/de-rated sections. Subcate- 
gories are defined by circuit func- 
tion. Within each general circuitry 
category, devices are shown in 
order of current and voltage rating. 
Sprague Electric Co, Technical 
Literature Service, Box 9102, Mans- 

field, MA 02048. 
Circle No 431 


Directory lists more than 
1700 computer programs 


You can now obtain the 1987 edition 
of the Directory of Computer Soft- 
ware from the National Technical 
Information Service of the US De- 
partment of Commerce. Each of the 
1700 federal common-use programs 
is tested and proven for both main- 
frame and wCs. The directory is 
keyed two ways: by subject catego- 
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ries, which list brief program ab- 
stracts; and in indexes by agency, 
accession number, and _ subject. 
These indexes contain all computer 
programs in the directory; the hard- 
ware and language indexes com- 
prise all entries for a limited num- 
ber of programs. The directory 
includes 100 new programs from the 
National Energy Software Center. 
$48. 

US Department of Commerce, 
National Technical Information 
Service, 5285 Port Royal Rd, 
Springfield, VA 22161. 

INQUIRE DIRECT 


Signal-sources bulletin 
This 4-pg technical bulletin de- 
scribes the Series 61504 AM/FM 
signal sources. It details the modu- 
lation, harmonics, and stability of 
the instruments, which are solid- 
state oscillators employing a GaAs 
FET as the active element. The 
pamphlet also contains specifica- 
tions and a description of the ven- 
dor’s 6140 GPIB adapter. 
Marconi Instruments, 3 Pear] 
Ct, Allendale, NJ 07401. 
Circle No 436 


Data-conversion 
products section expanded 


This 48-pg short-form catalog in- 


cludes components, analog-I/O 
boards, panel instruments, and ad- 
ditions to the vendor’s line, such as 
video-speed flash converters, a 


smart Multibus board for tempera- 
ture measurements, and evaluation 
boards for high-speed A/D convert- 
ers. The catalog also provides infor- 
mation on high-reliability/military 
tests and products that conform to 
MIL-STD-1772. 
Datel, 11 Cabot Blvd, Mansfield, 
MA 02048. 
Circle No 433 


COMMUNICATIONS PRODUCTS __ 


DSP LIBRARY 


CRSIRTAL, RRRUAL, PRECESSSS 
1OHOOYE VERGDR FREBES | 
: 


A comprehensive look 
at a DSP chip 


This literature set includes a 52-pg 
data sheet on the TS68930 digital 
signal processor. You also get a com- 
parison of the TMS32020 and 
TS68930 DSP chips, which includes 
a characteristics benchmark, in- 
structions, and an I/O configura- 
tion. A TS68930 DSP module li- 
brary provides a list of software 
modules and macros for multiplica- 
tion and accumulation, double-preci- 
sion shifts, and FFTs. And a 45-pg 
application note features sample 
listings for DSP algorithms in real- 
time applications that use the 
TS68930 DSP chip and the TS68950/ 
1/2 modem analog front-end chip 
set. 

Thomson Components-Mostek, 
1310 Electronics Dr, Carrollton, TX 
75006. 
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ONLY ONE OPTOCOUPLER ELIMINATES 
LOGIC INTERFACE PROBLEMS. 


Logic interface causing confusion? 
Pull yourself together. Use General Instrument's 
Optologic™ Optocoupler. 


The First Logic Look-Alike. 


Our Optologic™ is the first optocoupler that looks 
AVAILABLE CONFIGURATIONS exactly like a common 


a, | SSPE] GRE | conUtnon | /4-series logic gate at 


74OL6000 LSTTL TTL BUFFER TOTEM POLE 
74016001 LSTTL TTL INVERTER TOTEM POLE 
740L6010 LSTTL CMOS BUFFER | OPENCOLLECTOR 
740L6011 LSTTL CMOS INVERTER {| OPEN COLLECTOR 


740L6000 


For both CMOS and 
TTL. So it’s easy to 
design in and specify. 
Without all that trial 
and error. 

It reduces parts 
count and board space, too. Because our convenient, 
6-pin package has everything. 


74OL6001 740L6010 74OL6011 


both input and output. 


Protects You From Noise. 


With Optologic™ you get 15 kV/s common mode 
transient immunity. 2500 VAC RMS isolation. Propagation 
delay of 60 ns. And datacom support to typically 15 Mbaud. 
That adds up to excellent noise rejection, insulation, and 
high data speeds. 


Plus consistent performance over time and temperatures. 
Call And Face The Facts. 


Don’t waste time withanything else. Optologic™ is 
faster to design in. Contact your distributor for data and 
samples. If you prefer, call or write General Instrument, 
Optoelectronics Division, 3400 Hillview Avenue, 


Palo Alto, CA 94304. 
. GENERAL 
(415) 493-0400. INSTRUMENT 


And never face inter- 
face problems again. Optoelectronics Division 


Distributors: Arrow, Bell Industries-Graham Division, CAM/RPC, Future, Hammond, J.V. Electronics, Kierulff, Milgray, Newark, Pioneer, Summit, Wyle. 
In Canada: Arrow, Cardinal Industrial, Future, TT Multicomponents-RAE. 
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And just 
how many 


Multibus II 


Our R & D people have earned their 
“gold stars”. 

For the past several months, they’ve 
done their Multibus I] homework and pro- 
duced four high-performance Multibus II 
boards. 

We're emphasizing all of the Mul- 
[ tibus II concepts in 
these formative 
_years. And, we're 
chalking up our 

rapid develop- 
ent of Multibus 
boards to what 
weve learned 
our Multibus I 
ucts. 
Ask our R & D 
“people if they’re plan- 
ning more Multibus II 
boards for the future and 
they'll say, “You can count on it!” 

These four Multibus II boards are 
at the head of their class: 

CD22/3800 Multibus II Eight Chan- 
nel Communication Controller — adds ex- 
tensive communications abilities with 
012K of RAM for data buffers and support 
for asynchronous, X.25, and user specific 
protocols. 

CD22/4500 Multibus II SCSI/Floppy 
Controller — offloads the host CPU of data 


Multibus 


* Multibus is a trademark of Intel Corporation. 
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storage and manipulation tasks and com- 
municates with up to seven SCSI 
peripheral adapters. 

CD22/6400 Multibus II SBX Mother- 
board — improves on the SBX concept by 
supporting up to four SBX modules onthis 
powerful 80186 Single Board Computer. 

CD22/6410 Multibus II Intelligent 
Prototyping Board — provides all the intelli- 
gence, control circuitry, RAM, and bus in- 
terface youl need to create a powerful cus- 
tom I/O board for any Multibus II system. 

Talk with our Product Managers 
about our Multibus II boards and how they 
can help with your design. Jeff Tieri will 
tell you all about the 3800 (that’s one of his 
favorite numbers), and Andre Felix can tick 
off features and application ideas on all the 
others. Call them toll free at 1-800-482- 
0315 (In Illinois, call 217-359-8010). They 
love to show and tell, so they'll send you a 
brochure with snapshots, specs, and 
prices. 

Or write us, Central Data, 1602 
Newton Drive, Champaign, IL 61821-1098. 


ral 
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Deborah Asbrand, Associate Editor 


LEE TIRES Ee 


n 1972, Randy Wilson was 

4. working as a field-service man- 
ager for a Los Angeles, CA, manu- 
facturer of high-performance tape 
and disk drives. To make his job 
easier at customer sites, he de- 
signed a piece of equipment to test 
Y-in. tape drives. Customers began 
to notice the portable, suitcase test- 
er and to inquire about ordering 
one. Wilson notified his employer of 
the customer interest in the tester, 
and the company repackaged his de- 
sign for commercial production. In 
90 days, customers bought 100 of 
the testers for $1000 each. 

Wilson felt proud that his idea 
had generated so much revenue for 
his employer. He hoped that the 
product’s success might result in a 
raise. A short time after the compa- 
ny put the tester into production, 
Wilson got his reward. “The presi- 
dent of the company came to me, 
shook my hand, and said that it was 
through the efforts of people like me 
that the company could grow. I 
think I got a 7% raise that year.” 
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Howard Rosenberg. 


Former engineer Randy Wilson used $13,000 of his savings to found Wilson Laboratories in 


1975. 


Several years later, Wilson finally 
found a way to profit from the expe- 
rience. As president of his own 
start-up company, Wilson Laborato- 
ries, he was ready to begin hiring a 
full-time engineering staff but 
couldn’t match the high salaries and 
generous benefit packages that es- 


tablished companies offered top de- 
signers. What he could afford, 
though, was to offer engineers a 
percentage of sales of the products 
they designed: If the products were 
profitable, the engineers would 
stand to earn thousands of dollars in 
royalties; if customer interest in the 
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products was minimal, the engi- 
neers’ earnings would be as well. 

The _cash-for-designs __ plan 
worked. Since Wilson Laboratories 
began the royalty program in 1980, 
engineers at the privately held com- 
pany have pocketed cash royalties of 
more than $500,000. The company 
has been equally flush. In its 15- 
year history as a manufacturer of 
disk-drive test equipment, Wilson 
Labs has shipped more than $30 
million in products and has never 
had an unprofitable year. Wilson 
credits the royalty program with 
helping to minimize the problems of 
poorly designed or late-to-market 
products and high engineering turn- 
over that plague other companies. 
By all accounts, the program has 
become a strong, albeit imperfect, 
incentive that benefits both the en- 
gineers and the company. 


Cause and effect 


For Wilson, the experience at the 
tape- and disk-drive manufacturer 
was Just one more occasion when 
the amount of effort he put into an 
endeavor was not reflected in his 
financial reward. Previous engineer- 
ing jobs at Burroughs, Scientific 
Data Systems, Xerox, and Pertec 
had left him feeling similarly de- 
tached from his work. The absence 
of any correlation between work and 
salary frustrated him. Shortly after 
designing the tester, Wilson left the 
company and with a partner bought 
a third-party maintenance fran- 
chise. Working for himself was 
exhilirating and exhausting. 

“There was no limit to what was 
available,” Wilson says. “I could 
work as hard as I wanted to, and 
make as much money as I wanted 
to.” The franchise kept its service 
fees low, and when word of its af- 
fordable prices spread, the fran- 
chise’s telephone began to ring. The 
two men took all the calls, some- 
times making service calls in the 
middle of the night. “That first year, 
I think I put 54,000 miles on my 
little Ford Pinto station wagon,” 
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Wilson remembers. He also doubled 
his income. 

Despite Wilson’s testimony to the 
power of financial incentives, the 
royalty program at Wilson Labs 
didn’t materialize until several years 
after he’d founded the company. In 
fact, the program might not have 
developed at all had Wilson not 
needed a way to attract top engi- 
neers to his fledgling concern. From 
1973 to 1980, Wilson’s profits re- 
mained too slim to allow him to hire 
full-time, salaried engineers. In- 
stead, he relied on the skills of em- 


ployed engineers who were willing 
to design his company’s products on 
a free-lance basis. Wilson found his 
early dependence on moonlighters 
advantageous. By drawing on the 
area’s pool of engineering talent, he 
got to know some of Orange Coun- 
ty’s most talented designers. 

“Seeing these first-class design- 
ers, I’d think that I’d love to have 
them come to work for me full-time, 
but what did I have to offer them?” 
Wilson recalls. “These guys... 
were trying to build a career. I had 
7000 square feet of space and $1 
million in sales. How could I attract 
them?” 

The answer came in 1980 when 
Wilson began negotiating with Jim 
Dietz, then a design-group supervi- 


sor for GTE in Anaheim, CA. When 
a marketing representative for Wil- 
son Labs approached him about ac- 
cepting the newly created position 
of vice president of engineering, 
Dietz hesitated. He had earlier de- 
signed a floppy exerciser for Wilson 
as a moonlighter. The flat fee he’d 
accepted for the project had proved 
less than lucrative for himn—Dietz 
estimates he earned about $2 an 
hour on the project. He was not 
enthusiastic about doing any further 
work for the company. 

Together, the two men devised an 


Wilson staff mem- 
bers (L to R) Jon- 
athan Hanmann, 
Raymond Fung, 
Michael McCabe, 
Wilson, and Bill 
Postma. 


incentive attractive enough to lure 
Dietz into joining Wilson Labs full- 
time: cash royalties on products that 
Dietz designed or supervised. Nei- 
ther had ever negotiated such an 
arrangement before. “It was brand 
new to both of us,” Dietz says. “I 
think Randy was a little scared. But 
he knew it was the only way he 
could talk someone into coming 
on board.” 


Competing for engineers 


Wilson also sensed that extending 
a similar program to engineers was 
the solution to his problem of con- 
vincing them to join a company that 
they might otherwise perceive as 
just another California start-up. 
Royalties would carry more appeal 
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than would stock options or profit 
sharing, because the royalties would 
be based only on the sales perfor- 
mance of the products each engineer 
designed, not on company-wide 
sales figures. The program would 
also provide an option for engineers 
who wanted to increase their 
income without moving into man- 
agement. 

A sense of altrusim, however, is 
not among the company’s reasons 
for remunerating engineers. “This 
program is for my own benefit, so 
that I can keep top-quality engi- 
neers,” Wilson says candidly. “I 
can’t afford to spend time to get 
these people trained and then have 
another opportunity for them show 
up down the street.” He says that 
the program has been effective in 
both attracting and retaining engi- 
neers. 

Indeed, Wilson correctly guessed 
that if engineers had a vested inter- 
est in their work, they’d feel the 
same thrill that he’d felt when he’d 
started his own business. “Once you 
release a product, you don’t forget 
about it,” says hardware designer 
Michael McCabe. “You figure, ‘If I 
improve the product, we'll ship more 
of them.’” Project leader and pro- 
grammer Jonathan Hanmann adds, 
“You feel an involvement every time 
the product is sold. When changes 
have to be made, you feel more 
incentive to get things done as 
quickly as possible because it means 
more money.” 

Although Bill Postma has yet to 
receive any recompense from his 
work at Wilson, he prefers the roy- 
alty program to previous employers’ 
bonus plans, which were based on 
the company’s earnings. “It’s hard 
to figure out how stock options and 
other bonus plans are going to pay 
off,” says Postma, who joined the 
company in May. “The same thing 
holds with the royalty programs— 
you never really know if the prod- 
uct’s going to be a winner. But I feel 
I can contribute more directly than 
I could to other plans. I like the 
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concept because it ties more closely 
the individual and the work.” 

Once deliveries of a product 
begin, engineers receive monthly 
royalty payments—a carefully cal- 
culated interval. “The check coming 


every month is a nice reminder, a. 


tickler to an engineer that through 
his efforts he sees this extra re- 
ward,” says Wilson. 


Contractual agreements 

Inclusion in the royalty program 
is not automatic upon hiring. Each 
engineer is invited to participate in 


The royalty program has 
helped minimize the 
problems of poorly 

designed or late-to-market 
products that plague 

other companies. 


the program at the discretion of 
Dietz and Wilson. Both the company 
and the engineers are bound to the 
royalty agreements by contract. 
The contracts stipulate each engi- 
neer’s percentage of the profits as 
well as a cap on those profits that 
ranges from $5000 to $50,000. An- 
nual royalties paid to the company’s 
engineers average $75,000. 

Keeping the remuneration flex- 
ible is key to its success. The compa- 
ny’s initial products employed little 
software, which meant one hard- 
ware engineer could bear nearly 
total responsibility for a product. 
Wilson hoped the program would 
give engineers a feeling of being in 
business for themselves. “To get his 
royalty, an engineer had to make 
sure the product worked,” Wilson 
says. “He’d help work on the data 
sheets, talk to customers about the 
product and do a demonstration for 
them if they came in, and make sure 
the salesmen knew how to sell the 
product.” 


Now, however, software controls 
much of disk-drive testing. As a 
result, designing the equipment re- 
quires teams of engineers. The roy- 
alty contracts underscore the impor- 
tance of a cohesive team: Payments 
depend on completion of a project 
according to timetables stipulated 
by the contracts. “Everyone’s royal- 
ty is based on delivery of the [whole] 
product, not just their portion of it,” 
says Wilson. As a result, “if one 
team member is falling behind, the 
other members are going to be con- 
cerned about it and try to shore up 
the guy.” 

The company’s newest product 
line is also its most technically com- 
plex and put the program to its 
greatest test. Three hardware engi- 
neers and seven software program- 
mers worked on the 7000 Series, a 
multiport test system based on the 
concept of distributed processing. 
Sales of the product should exceed 
$1.5 million by the end of the third 
quarter. Delivery begins in Octo- 
ber. 

Tension mounted last year when 
it appeared that difficulty in obtain- 
ing parts would make it impossible 
for the engineers to meet the dead- 
lines specified in their contracts and 
jeopardize their ability to collect 
royalties. The deadlines were even- 
tually revised. “If there’s a compo- 
nent shortage, we’re not going to 
hold people responsible for that,” 
Wilson says. 


Grass isn’t always greener 


Despite its successes, the royalty 
program is not without drawbacks. 
Wilson questions the staying power 
of a monthly financial incentive. 
“Once you start receiving regular 
checks, they become like salary,” he 
says. “You can forget what the 
check represents, that we’re provid- 
ing it so you’ll look at the situation 
as if you’re in business for yourself.” 
Potential problems also exist if the 
company decides to de-emphasize 
sales of one product in favor of an- 
other, thereby depressing the royal- 
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HIGH PROGRAMMING 
YIELDS 


(LOGIC) 
gee late: 


PROGRAMMING COSTS 


PROGRAMMERS 


A complete range of low 

priced separate products to meet 

your individual specific requirements 

(with device manufacturers’ 

approvals). 

C41 up to 1 M bit EPROMs 

E9C 8gang EPROM & editing 

E12C gang/set EPROM 

1011 Bipolar PLD (logic) 

1012 Bipolar PROM/ EPROM 

1013 set EPROM (to 32/40 pin) 

1014 EPLD & CMOS PLD 
Options cover single chip micros, 


simulators, PLCC, IBM/VAX remote 
drivers and ELAN LOG/iC compilers. 


Ask for our DEMO DISKS. 
Prices start at $995. 


iN Europe: 

GB (0293) 510448 
A (0222) 835646 
B (02) 2416460 
D (089) 780420 
E (01) 4054213 

F (014) 8632828 
| (02) 6120041 

| (Q2) 2440012 


IRL (01) 501845 
NL (01720) 43221 
N (02) 846210 

P (01) 549011 
SF (00) 6926022 
S (0589) 14111 
S (08) 7349770 
CH (01) 7414644 


Elan Digital Systems 
California 

Tel: (8OO) 888-ELAN 
Telex: 9102400972 
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ty checks of some engineers. 

As the 7000 project revealed, roy- 
alties become more difficult to ad- 
minister as the products increase in 
complexity and staff involvement. 
The more people there are involved 
In a project, the more divisions have 
to be made in the profits. Raymond 
Fung, chief scientist for Wilson 
Labs, joined the company six years 
ago, the second full-time engineer 
hired after Dietz. Says Fung: “As 
the company grows, I feel the pro- 
gram is less effective. Product de- 
sign is no longer fully under your 
control.” | 

Postma worries that the engi- 
neering staff could become preoccu- 
pied with profit to the detriment of 


Wilson correctly guessed 
that if engineers had 
a vested interest in their 
work, they’d feel the same 
thrill that he did when 
he started his own 
business. 
a 


the company’s products. “One of my 
concerns here is that if there’s a lot 
of emphasis on royalties, then we all 
become mercenaries,” Postma says. 
The additional financial return is a 
nice benefit, he says, and was a 
consideration for him when he 
Joined the company, but not his pri- 
mary reason for doing so. Wilson 
Laboratories’ small size (70 employ- 
ees), the challenge of a management 
position, and a competitive salary 
were more important to him than 
the royalty program. 

Indeed, an important lesson 
learned by the company is that 
money is not the ultimate motivator. 
“To me it’s compensation, not moti- 
vation,” says Hanmann. The extra 
money’s affect on his work is subtle, 
says the programmer. “I don’t ever 
look at my work and think, ‘Oh boy, 


there’s all this money to be made.’ 
You can’t think that way in soft- 
ware. I do the work because I enjoy 
it.” 

Money also falls short of being a 
foolproof method for retaining em- 
ployees. When one member of the 
engineering staff recently submit- 
ted his resignation, Dietz tried to 
talk him into staying by reminding 
him of the royalties he stood to 
receive. “I asked him, ‘You’re turn- 
ing down $20,000 to $30,000 a year 
to do your own thing?’ He said he 
had to, that the long-term potential 
[for his new pursuit] was much 


greater.” Dietz was also surprised 


to find himself trying to talk one job 
candidate into accepting the royalty 
plan. “He doesn’t want it,” Dietz 
shrugs. The company is also well 
aware that royalty income does not 
absolve it from continuing to pro- 
vide challenging technical work. “If 
it’s not fun to come to work every 
day, why bother?” Dietz asks. 


Breaking with tradition 


Wilson’s open discussion of engi- 
neers’ earnings—a taboo subject on 
most corporate fronts—is atypical 
in the electronics industry. Even 
more unconventional is its willing- 
ness to share profits with them. 
“It’s like talking about joining a 
union,” Wilson says. “In a small 
company, an engineer can’t walk in 
to a manager and say, ‘Why can’t I 
share in the profits?’ The first thing 
they’re going to say is ‘we’ve got to 
replace this guy.’” 

Such financial arrangements, 
though, “are an event waiting to 
happen,” he says. “A privately held, 
independent company that wants to 
develop first-class products must 
have some tool to retain its staff.” 
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Howto facies PWB defects 


vith AugatsVIP sockets and this 
on instrument. 


is improved. And repairs are easier 
because each contact can be 


Wouldn't it be more efficient 
f you could spot PWB surface 


lefects before repaired individually. 
che boards went Plus, the VIP fam- 
to testing? Well, ily of sockets can be 
Augat has intro- made to any custom 
duced a remov- footprint easily and 
able carrier for quickly to eliminate 
DIP pin grid and loose loading terminals. 
custom footprints =. ae ee Find out how else 
that makes it Ay te VIPs iswa-oliend in they can improve Your 
possible. visual inspection of the terminals. designs and increase 
Visual Inspection your success rate. Send 


in the coupon for some eye- 
opening data sheets and 
a demonstrator. 


Package Sockets. They work 
without an insulator. So you can 
tell by visual inspection—or in 


plain English, just by looking— The VIP os 

whether or not you've left any family ofsock- 

soldering voids where the con- ets. More inno- 

tacts join the plated through vation that ‘ 

holes. During manufacturing. works from the 

Before testing. people who pga 
Also, without an insulator, the listen to what —— 

airflow that keeps your device cool you need. ee. 


U.S. and International Patents Issued. 
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Augat. A company worth keeping 
an eye on. 


| tor showing how to help me cut down on 
defects. 


| Name 
| Title 

Company 
| Street Address 
| City | State 
Telephone 


EDN91787VIP 


- 


Mail to: Augat, Inc. Interconnection 
Components Division, 33 Perry 
Avenue, Attleboro, MA 02703 
(617) 229-2909, 

FAX: 617 222 0693 


INTERCONNECTION 
COMPONENTS 


Quality and Innovation 
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1987 Editorial Calendar and Planning Guide 


Issue Recruitment 
Date Deadline Editorial Emphasis EDN News 
Oct. 15 Sept. 24 ‘Test & Measurement Special Issue; Analog ICs; ASICs Closing: Sept. 17 
Mailing: Oct. 8 
Oct. 29 Oct. 8 Computers & Peripherals; ICs & Semiconductors; Wescon '87 Product Preview 
Closing: Oct..15 
Nov. 12 Oct. 22 Wescon '87 Show Issue; ICs; Computers & Peripherals Mailing: Nov. 5 
Nov. 26 Nov. § Microprocessor Technology Report & Directory; Analog ICs; Sensors & Transducers 
Closing: Nov. 12 
Dec. 10 Nov. 19 Product Showcase-Volume I; ICs and Semiconductors; Software Mailing: Dec. 3 
Dec. 24 Dec. 3 Product Showcase-Volume II; Computers & Peripherals; ‘Test & Measurement 


Instruments 


a 


Call today for information. 


East Coast Janet O. Penn (201) 228-8610 


In tune with the future, ESL brings 
the most advanced Digital Signal 
Processing applications to bear on 
issues of national signifcance. We 
push hard to make our strategic and 
tactical reconnaissance and commu- 
nications sytems faster, smarter and 
more versatile. The results—at speeds 
from 6 to 150 MHz and beyond— 
are enough to make commercial 
houses shudder. 


Only here will you find single circuit 
cards with 4096-point FFTs running 
at 30 megasamples per second— 
floating point. Or two dimensional 
hardware correlators with 13 mega- 
sample speeds. And the list goes on. 


Challenged by our own success, we're 
expanding our formula for DSP’s 
future ... designing with TTL, CMOS 
and ECL... using standard, semi- 
custom and custom ICs. We're inte- 
grating technology's high performance 
variables into exciting new configura- 
tions. And, as the competitive pulse 
quickens, we're determined to stay a 
beat ahead. That’s why you'll find a 
team geared for action, ready to run 
with your best ideas at ESL. 


West Coast 


Dan Brink (714) 851-9422 


National Roberta Renard (201) 228-8602 


For some positions a current EBI is 
preferred; eventual EBI required. U.S. 
CITIZENSHIP IS REQUIRED FOR ALL 
POSITIONS. 


Engineers 


¢ Artificial Intelligence/Computer 
Vision/Knowledge Engineers 
(E-04) 

¢ Algorithm Developers (E-22) 

¢ Communications Systems 
(E-06) 

¢ Digital Signal Processing 
Systems (E-06) 

¢ Engineering Section 
Managers (E-25) 

¢ EW Systems (E-23) 

¢ Integrated Circuit Design 
(E-08) 

¢ Integration & Test 
Enginers/Managers (E-24) 

¢ RF Receiver/Transmitter 
(E-20) 

¢ SAR (E-21) 


ESL 
A Subsidiary of TRW 


AtESL, DSP is the pulse of tommorrow. 


¢ Sr. Software (Real-Time 
Embedded Systems) (E-22) 

¢ UNIX*/CMDS IC Design 
Programmer (E-08) 


*UNIX is a trademark of AT&T Bell 
Laboratories 


OTHER POSITIONS FOR: 


e Contracts/Subcontracts 
Administrators (B-04) 
¢ Contracts Managers (B-07) 


At ESL, you'll find excellent salaries 
and creative benefits in a stimulating, 
health-oriented environment. Please 
send your resume, indicating position 
of interest and code number, to Toni 
Rogers, Professional Employment 
Dept. EDN-876, ESL, 1345 Crossman 
Ave., PO. Box 3510, Sunnyvale, CA 
94088-3510. An equal opportunity 
employer. 


There's a formula for the future. 
And it’s ESL. 


A IXV 
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Western Development Laboratories Division 


Western Development Laboratories Division 
has dozens of contracts underway, many in 
multi-year programs, with a backlog stretch- 
ing well into the 1990s. Our success is due 
to many factors — technological innovation, 
a reputation for quality and reliability, and a 
diverse set of capabilities, from software 
development to spacecraft construction. 


You can find out more by applying for one 
of the following current openings: 


Software Engineers 


We have software engineering openings for 
a program currently in the detail design 
phase of the engineering cycle. The system 
is a large networked VAX/VMS based 
configuration, utilizing workstations sup- 
porting a wide variety of graphics, data- 
base, mission management, situation 
assessment, and reporting functions. This 
system will support real-time sensor pack- 
ages processing live data. General require- 
ments include 5-15 years of experience and 
a BSCS degree or equivalent. All prospec- 
tive candidates should be familiar with VAX/ 
VMS and be comfortable with using 
structured techniques. FORTRAN 77 expe- 
rience is required. 


Openings are available in the following 
areas: 


= Data Base — Requires familiarity with 
VAX/VMS based DBMS that can support 
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Were the hottest company 
in the business! 


stringent time lines. Engineers will work 
on algorithm development, top design, 
and structured analysis for a DB frontend. 
A mathematics background is highly 
desired, specifically in linear algebra. 
ADABAS or ORACLE preferred. 
= Mission Management — Requires expe- 

rience in the various facets of mission 
“management, such as line of sight com- 
putations, terrain masking and optimal 
track assignment. 


= MMI Expert — Experience with GPXuVAX 
windowing techniques. Graphics expe- 
rience a must as well as proven technical 
leadership ability. 

= DEC VMS Operating System — Must 
know system internals. SE VMS knowl- 
edge a plus. 

= Image Exploitation — Requires expe- 
rience in designing for manipulating 
imagery, graphics, and alphanumeric data 
for image exploitation and report 
generation. 

= Prototype Software Development — 
Requires experience in imagery hardware 
and VMS. 

= Integration and Test — Experienced 
large-scale software systems integration 
and test personnel. Must be able to pro- 
duce system level test plans. 

= Interface Control Documentation 
Specialist — Must be able to work closely 
with others and have a VAX VMS 
background. 

= Communications — Must have communi- 
cations protocol experience. 


Other Software Opportunities 


General requirements include 3-12 years of 
experience and a BSCS degree or equival- 
ent. Individuals will work on computers such 
as DEC, TANDEM, GOULD and 63000's 
using operating systems such as VMS, 
UNIX*, GARDIAN and RSX-11. Qualified 
candidates should have working knowledge 
of Assembly, ADA, FORTRAN and “C” 
languages. 


Openings are available in the following 
areas: 


Ford Aerospace & 


U.S. Citizenship May Be Required. 


= System Architecture Definition 

@ High-Level Software Design 

= Software Requirements Analysis 

= B1/B5/SR5 Specification Development 

= Vendor Trades 

= Computer Security (COMPUSEC) 
Engineering — Requires 8-10 years of 
experience in software system-level 
development on DoD contracts for large 
distributed systems. 


Software Communications 
Engineer 

In this software specialist position, you will 
lead a small team in developing a communi- 
cations gateway for a large C*l program. 
State-of-the-art hardware and software 
technology will be used in conjunction with 
security engineering disciplines to develop 
a system capable of handling multilevel 
data. The ideal candidate will have 10-12 
years of experience and a BS/MS/PhD 
degree or equivalent. Working knowledge of 
DoD communications systems such as 
DODIIS, INCOMNET, and PLATFORM. 
Familiarity with FTP, TCP/IP and SMTP 

is a must. | 


Send resume to Ford Aerospace & 
Communications Corporation, Western 
Development Laboratories Division, Profes- 
sional Staffing, Dept. PF-EDN0917, 3939 
Fabian Way, M/S D04, Palo Alto, CA 
94303-4697. An equal opportunity 
employer. Principals only, please. 


*UNIX is a trademark of AT&T Laboratories. 


Communications Corporation 


Western Development Laboratories Division 
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BUILD 
YOURSELF 
A FUTURE 


Enjoy the opportunities, responsibilities 
and excitement of the voice processing 
industry’s fastest growing company. 

Dialogic Corporation, the largest supplier of 
board level components for the voice industry, 
is looking for results oriented individuals to 
play key roles in continuing this growth. 


_J Applications Engineer 
First level customer support 
Design demonstration systems 


_J Product Marketing Specialist 
Manage product life cycles 
Prepare market & competitive analysis 


_I Senior Hardware Design Engineer 
Design & develop new products 
Heavy analog & telephony experience 


I Digital Signal Processing Expert 
Applied research & development 
Background in DSP & computer 
architecture 


_J Software Engineer 
Design & implement diagnostics 
Background in C & MSDOS 


.J Information Systems Engineer 
Expand in-house MIS & voice systems 
Heavy experience with DBASE III 


Send your resume and salary 
history in confidence to 


DIALOGIC CORPORATION 
Attn: Human Resources 
129 Littleton Road 
Parsippany, N.J. 07054 


e 


An equal opportunity 
employer 


V4 Aerospace 
Systems 
Division 


Some engineers join 

Ball Corporation’s 
Aerospace Systems Division 
for the superior technology. 


They stay for a lot more. 


Building phased arrays “by the yard” and participa- 
tion in the rapidly developing field of laser applica- 
tions demands a high level of technology. So does 
creating passive cryogenic systems in liquid helium 
or solid methane. At Ball Corporation’s Aerospace 
Systems Division, engineers can accomplish much 
more because they have access to the most 
advanced technologies. Like the thermal-vacuum 
test chamber for shuttle payloads in our new 
Aerospace Test Center. 


The superior technology at Ball might be enough to 
attract the most outstanding talent in the aerospace 
industry. But there’s a lot more. Like living by the 
Flatirons in the foothills of the Rockies, just about 
30 minutes from Denver. The unprecedented 
growth of one of the leading divisions of a Fortune 
500 company. The excellent salaries and benefits 
for a thoroughly rewarding lifestyle. 


@ Software Engineer—System Support 


Requires BS-CS with three years relevant experi- 
ence on DOM/MVS operating system and knowl- 
edge of VTIAM, TSO/ISPF, MVS/OS JCL, IBM 370 
Assembler, linkage editor and FORTRAN. 


@ Software Engineer—Project Scheduler 


Will assist project technical and management staff in 
developing project management schedules for aer- 
ospace programs. Requires related degree with five 
years developing and maintaining activity network 
schedules and DEC VAX programming. VISION, PC 
and IBM mainframe experience desired. 


We also have openings in antenna and radar 
systems, spacecraft systems, quality assurance, 
project scheduling, and project control 
administration. 


Give your career the advantage of 

Ball Corporation’s technology. You’ll discover a lot 
more. Get started today. Send your resume to 
Human Resources, Department 53714, PRO. Box 
1062, Boulder, Colorado 80306. 


Equal Opportunity Employer 
No Agencies Please 
U.S. Citizenship Required 


Minds that meet the challenge. 
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ENGINEERING OPPORTUNITIES 


© SOFTWARE DESIGN ENGINEERS 
® SYSTEMS PROGRAMMER 
© RELIABILITY /MAINTAINABILITY ENGINEERS 
® RADAR SYSTEMS ENGINEERS 
(ON-GOING PROJECTS) 
® DIGITAL DESIGN 
© POWER ELECTRONICS DESIGN 


We are looking for a select group of professionals to work on 
major government and defense contracts awarded to Emer- 
son Electric. Diverse projects are available for individuals who 
meet our professional and educational standards. All disci- 
plines listed will work out of our facility in St. Louis. Candi- 
dates considered qualified must have a BSEE, BSEET, BSCS 
degrees or higher as specified. 


SOFTWARE DESIGN ENGINEERS 

Real-time signal processing software development experience 
in 6809, 68000, and 68020 microprocessors. Additional posi- 
tions require experience in the design and development of 
Test Systems software and application of systems. All posi- 
tions require experience in one of more of the following sys- 
tems or languages: VAX/VMS, 1750A, FORTRAN, C, Ada, 
JOVIAL, FORTH, Assembly languages, and ATLAS. 


SYSTEMS PROGRAMMER 

Responsibilities will include monitoring, developing and con- 
trolling the system software on DEC-20, VAX. Also responsible 
for the operation of the system and an Interconnecting 
Ethernet Local Area Network. Minimum of 3 years experience 
in progressive software and hardware, with recent experience 
in computer operating systems. BSCS/BSEE required. 


RELIABILITY /MAINTAINABILITY ENGINEERS 

Perform reliability and maintainability related analysis of elec- 
tronic and mechanical systems. Prepare proposal and pro- 
gram plan inputs. Interface with design, components, failure 
analysis, logistics, and test engineering personnel. Requires 
minimum of 3 to 10 years electronic circuit analysis and prep- 
aration of reliability related analysis. Must be familiar with reli- 
ability and maintainability MIL-Specs and program 
requirements. 
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RADAR SYSTEMS ENGINEERS 

(ON-GOING PROJECTS) 

Provide system analysis, performance tracking, integration, 
and test of airborne and ground based radar systems. Inter- 
face with customer and provide flight test support of installed 
radar system. Minimum of 10 years or more experience in 
radar systems is required. Specific experience in the areas of 
coherent airborne radar TF/TA, or millimeter wave radar is 
highly desired. Minimum BSEE Physics or Math background 
required and MSEE desired. 


DIGITAL DESIGN 

Digital processor design, analysis, and simulation. Assist sys- 
tem engineering in finalizing system requirements documents. 
Carry design through analytical phase into hardware testing 
and debug. Requires minimum of 3 years experience; back- 
ground in CAE equipment, signal processing, and computer 
architectures desired. 

POWER ELECTRONICS DESIGN 

Design, debug, test, and documentation of switch mode, 
power electronics, and other complex analog circuits. 
Requires 5 years experience in switch mode and power elec- 
tronics performing under closed loop control. 


For prompt consideration, send your confidential resume to: 


Al Kaste 

Mail Station 4335 — Dept. EDN 
Electronics and Space Division 
8100 W. Florissant Avenue 

St. Louis, MO 63136 


An equal opportunity employer. U.S. citizenship is required. 
| 
Ed EMERSON ELECTRIC CO. 


a Government & Defense Group 
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Our innovative technology is an impor- 
ARE tant asset to America’s vital industries, 
and we are known as a world leader in 
power linear integrated circuits. These 
YOU achievements have come about through 
the consolidated efforts of a highly skill- 
RE ADY ed team of professionals. 
Our U.S. headquarters, located in 
Phoenix, emphasizes MOS VLSI design 
FOR technology. Currently we have a 


number of employment opportunities: 


THE 1.C. Design Manager - MOS 


I.C. Design Engineers - MOS 
BEST I.C. Design Engineers - Linear Bipolar 
Product Marketing Engineers - Power 
Supply ¢ Memories © Power Transistors 
Applications Engineer - Motor Control 


ELECTRONICS ¢ AEROSPACE 
NATIONWIDE $30-80K 


Opportunities for Engineers & Profes- 
sionals in Defense/Aerospace and Com- 
mercial Industries. Send Resume to: 


JACK PORTER ASSOCIATES, INC. 
385 Front St.N, Issaquah, WA 98027 
(206)455-4928 


All fees paid by cllent companies 


Equal 
Gopsnen If you’re ready to share in the rewards 
maployer and success that being your best brings, 
send your resume to Human Resources 
Department—EDN. 


Semiconductor Corporation \ Ze 
1000 East Bell Road 
Phoenix, AZ 85022 Sax nuthin | 
Specific Opportunities 
in engineering 


1-800-428-4406 toll free 


| 


Digital has it now 


A strate gic Diagnostic high level language and assembly 
e : required. Knowledge of VAX/VMS, 

opportunity Sup efvisor Pascal or C a plus. A BSEE or 

4 We need a strategist to develop equivalent degree/experience 
with DECwest. and maintain a fault management preferred. 
Digital’s Western Engineering plan for our next generation com- ee aadeatouuel d 

; ; ; , please sen 

Group, just outside of Seattle, is puting system. You'll lead the stra your resume to: L. Taylor, Man- 


definitely the right place. And tegy and implementation in such 
now’s the perfect time...Ifyou’rea  27€aS as: fault insertion, hardware ; : nate 
seasoned aa ist el inan repair level tests and manufactur- Engin eering Group, Digital 

BI ing tests using current symptom Equipment Corporation, 14475 
incomparable opportunity for 4 NE 24th, Bellevue, WA 98007. 


i directed diagnostic techniques. 
innovation. 
You'll supervise a small diagnostic Proof of legal right to work in the 
US. is required. 


development group and influence 
and interface with other engineer- We are analiimaiwe action 
INS STOUpSs. employer. 


ager, Dept. 0917-7820, DECwest 


We have the kind of atmosphere 
that makes such things possible. 
An environment that’s entrepre- 
neurial, energized. Yet with the 


commitment and resources that This is a key position, requiring 
ae hands-on project lead experience 


provide. and a working knowledge of hard- ™ 
So take a look at the position. And ware logic design approaches. Five 

if you have the expertise we're years of experience, including test 

after, let’s talk strategy. or diagnosis, programming, and 
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E-SYSTEMS 


E-SYSTEMS, INC., ECI DIVISION 
ST. PETERSBURG, FLORIDA 


At E-Systems, we're pushing back the parameters of present-day technology. Our 
state-of-the-art career opportunities allow visions to be molded into realities. This, 
combined with the pleasant Florida climate makes E-Systems ECI Division a 
dynamic place for the experienced technical professional. 


if you are qualified and would like a career of accomplishment and satisfaction, ECI 
Division has immediate opportunities in these areas of design and development of 
military communications systems: 


Systems/Soitware Design Manufacturing Engineering 
¢ Communications Systems Engineer  ° Industrial Engineer 

¢ Computer Systems Architect ¢ Manufacturing Engineer 

¢ Systems Integration & Test Engineer ¢ Production Test Engineer 

¢ Software Engineer ° . ° 

¢ Software Quality Assurance Engineering Quality 


¢ EMI/TEMPEST Engineer 


pene ¢ Maintainability1ILS Engineer 
Technical Support ¢ Component Engineer 
¢ Configuration Management Hardware Design 

Specialist ¢ Digital Circuit Engineer 
¢ Senior Mechanical Designer ¢ Transmitter/Receiver RF Engineer 
¢ Data Management Specialist ¢ Modem Design Engineer 
¢ Senior Software Technical Writer ¢ Senior Mechanical Engineer 
¢ Proposal Writer/Editor ¢ Senior Digital Engineer 


In addition to the chance to make meaningful contributions, you will find E-Systems 
offers one of the best employee stock, ownership and relocation programs available. 


If you are attracted to a dynamic work environment and have the solid experience 
required for one of the above opportunities, respond immediately by sending your 
resume to: Director of Employee Relations, E-Systems, Inc., ECI Division, Post 
Office Box 12248, St. Petersburg, Florida 33733. 


EE E-SYSTEMS 
The science of systems. 


Principals Only, Please. 
US. Citizenship Required. 
An Equal Opportunity Employer, M/E V, H. 
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Recruitment Opportunities with... Westech 


.-<COMMITMENT =} = e==> a = 
... INNOVATION 
«++ EXCELLENCE 


‘These were more than words to us when Westech began in 1981. It was our philosophy then, and today is an integral part of our 
business life. In fact, going in to our sixth year of producing successful career events and recruitment publications throughout 
America, another word can be added to the list...EXPERIENCE. 


...EXPERIENCE in producing Career Expos that have realized cost effective recruiting results from coast to coast, with special empha- 
sis in high technology communities of the WESTERN UNITED STATES... 


...EXPERIENCE in publishing recruitment magazines that are specifically designed to reach experienced technical candidates in the 
Southern and Northern California markets. 


...EXPERIENCE in delivering COMMITMENTS, INNOVATION and EXCELLENCE to our clients that constantly achieve cost effective 
recruitment results with our products. 


Westech 
Career Expo. 


Westech Career Expos are designed to put you face to face with experienced, currently employed and hard to reach Engineering, 
Computer, Data Processing and Software professionals. In 1987 Westech will produce over 25 events in 8 major West Coast and Sun- 
Belt markets. 


Over the past six years, companies have been able to hire an average of 5 exempt level professionals per Career Expo attended. 
Surveys indicate, the cost effectiveness of our “open house format” is surpassed only by: employer referral programs and 98 percent 
of all exhibiting companies return to recruit at future Westech events. 


Once you've involved your company in a Westech event, you’re sure to make us an on-going and integral part of your recruitment 
campaign. 


For additional information on Westech Career Expos held in Santa Clara, CA; Los Angeles, CA; Long Beach, CA; San 
Diego, CA; Seattle, WA; Denver, CO; Phoenix, AZ; Dallas, TX; Austin, TX and other special locations, please call us 
today at (408) 970-8800. 


High Technology 


CAREERS. 
LE ELT ET IE OER 
Magoaz#ieonee 


High Technology Careers, the Nation’s largest independently produced recruitment publication, blankets the Santa Clara Valley and 
neighboring counties with a circulation of over 330,000 copies. 


HTC's distribution, utilizing the San Jose Mercury News, provides advertisers with the largest readership among high-technology pro- 
fessionals residing in Santa Clara and surrounding areas. 


The extensive distribution coupled with favorable advertising rates makes High Technology Careers Northern California's most 
significant recruitment advertising media purchase. 


High Technology Careers Magazine is published every other month, six times a year. Call today for closing dates 
and rate information. (408) 970-8800. 


Professiona=€£ 


CAREERS. 


agazi 
Southern California supports the nation’s largest engineering and computer workforce, Professional Careers magazine delivers cir- 
culation of 120,000 to these technical professionals. 


Our compilation of home addresses in Southern California consists of more than seventy publications, associations and user groups 
serving the engineering, programming and data processing communities. 


Professional Careers is read by a select group of experienced professionals chosen solely by the trade journals that they read and the 
organizations that they belong to. The concentrated distribution of Professional Careers makes it Southern California's most targeted 
and cost-effective recruitment advertising media purchase. . 


Professional Careers Magazine is published every other month, five times a year. Call today for closing dates and 
rate information. (408) 970-8800. 
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EDN’s 
CHARTER 


EDN is written for profession- 
als in the electronics industry 
who design, or manage the de- 
sign of, products ranging from 
circuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, prod- 
ucts, and design techniques. 


EDN covers new and develop- 
ing technologies to inform its 
readers of practical design 
matters that will be of concern 
to them at once or in the near 
future. 


EDN covers new products 

@ that are immediately or 
imminently available for 
purchase 

@ that have technical data 
specified in enough detail 
to permit practical appli- 
cation 

e@ for which accurate price 
information is available. 


EDN provides specific ‘how 
to’ design information that our 
readers can use immediately. 
From time to time, EDN’s tech- 
nical editors undertake special 


‘“hands-on’”’ projects that dem- | 


onstrate our commitment to 
readers’ needs for useful infor- 
mation. 


EDN is written by engineers for 
engineers. 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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BUSINESS/CORPORATE STAFF 


F Warren Dickson 

Vice President/Publisher 
Newton, MA 02158 
(617) 964-3030 

Telex 940573 

Diann Siegel, Assistant 


Peter D Coley 

Associate Publisher/ 
Advertising Sales Director 
Newton, MA 02158 

(617) 964-3030 


NEW ENGLAND 

John Bartlett, Regional Manager 
Chris Platt, Regional Manager 
199 Wells Ave 

Newton, MA 02159 

(617) 964-3730 


STAMFORD 06904 

George Isbell, Regional Manager 
8 Stamford Forum, Box 10277 
(203) 328-2580 


NEW YORK, NY 10011 

Daniel J Rowland, Regional Manager 
249 West 17th St 

New York, NY 10011 

(212)463-6419 


PHILADELPHIA AREA 

Steve Farkas, Regional Manager 
487 Devon Park Dr 

Suite 206 

Wayne, PA 19087 

(215) 293-1212 


CHICAGO AREA 

Clayton Ryder, Regional Manager 
Randolph D King, Regional Manager 
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LOOKING AHEAD 


_ MILLIONS OF DOLLARS — 


US modem shipments 
to double by 1991 


The factory value of US modem 
shipments is expected to top $2 bil- 
lion this year and to reach the $4 
billion mark by 1991, according to 
Venture Development Corp (VDC), 
a management-consulting firm lo- 
cated in Natick, MA. The greatest 
growth will occur in the higher- 
speed models. Although these 
modems, which communicate at 
9600 bps or faster, will constitute 
just 34% of the total units shipped in 
1991, they will account for nearly 
80% of the dollar value of devices 
shipped. 

Medium-speed modems, which 
operate from 2400 to 4800 bps, will 
make up the core of the units 
shipped. Improving price/perfor- 
mance ratios will encourage owners 
of lower-speed modems to upgrade 
their equipment; such owners may 
also often take dramatic leaps from 
low-speed devices directly to 9600 
bps modems. Companies that use 
PCs for communication sporadical- 
ly, however, will continue to employ 
low-speed models, according to 
VDC. 

The fast-growing popularity of di- 
rect-dial applications, together with 
the steady interest in leased-line 
applications, is benefiting the 9600- 
bps segment of the market. Very- 
high-speed modems, which operate 
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at 14.4k and 19.2k bps, should expe- 
rience rapid growth of annual ship- 
ments and also claim more of the 
dollar value of the market because 
of their much higher prices. In addi- 
tion, these devices can be a sizable 
investment for the individual cus- 
tomer because they must be used in 
pairs, with one at each end of the 
communications line. They also re- 
quire individualized configurations 
for each computer communications 
system. If improperly configured, a 
high-speed modem operates at 
much lower rates. 

VDC notes that the benefits of 
using the highest speed modems are 
great. Obviously, users can deliver 
information more quickly, which is a 
significant advantage in organiza- 
tions that require repeated trans- 
fers of computer files. Furthermore, 
timesharing costs are reduced and 
telephone connect charges are lower 


because less time is needed to send 
any given amount of data. 


Next four years’ growth gives 
SMT-assembly market shape 
The domestic assembly of surface- 
mounted packages, which accounted 
for 12.1% of the total packaging 
market in 1986, will constitute be- 
tween 30 and 40% of that market in 
1991, according to CEERIS Inter- 
national Inc (Old Lyme, CT). In- 
creasing volumes of assemblies will 
boost revenues for all types of pack- 
aging. Thus, through-hole technolo- 
gy will also grow but at the much 
slower rate of 3% annually on aver- 
age. 

The analysis divides component 
consumption and packaging trends 
into seven sectors: computers and 
office automation, telecommunica- 
tions, instrumentation and industri- 
al controls, avionics and defense, 
consumer products, automotive 
products, and_ subcontractors. 
CEERIS notes that ICs now make 
up 50% of the computer-industry 
component mix, but claim less than 
7% of the automotive-electronics 
component mix. The impact of sur- 
face-mount technology varies ac- 
cording to the need for miniaturiza- 
tion, the need for increased function 
within a given design, and the abili- 
ty to successfully complete the re- 
quirements of the surface-mount as- 
sembly process, which is far more 
stringent than are through-hole 
processes. 


| MARKET SHARES OF PACKAGING ASSEMBLIES 
BASED ON NUMBER OF UNITS — 


ASSEMBLY 
| _ASSEMBLY—AUTOMOTIVE 
_~ SURFACE-MOUNT 
- ASSEMBLY— 
_. NON "AUTOMOTIVE 


— oc __. 


4991— 
ROSY 
SCENARIO 
58.5% 


1991— 

GREY 
_ SCENARIO 

69.5% 


41.9% 12.0% 


18.6% 29.5% 


_ (SOURCE: CEERIS INTERNATIONAL INC) 
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Making the Connection Between... 


PACKAGING 
D_PRODUCTIVITY 


From through-hole technology 
to surface-mount technology, 
Molex makes the connection. 

Molex is working to help 
today’s manufacturers develop SMT 
products that utilize less space and 
assemble with greater efficiency. 
Components such as our SIMM sockets 
are currently helping major manufacturers 
utilize innovative SIP technology to 
achieve denser circuit board packaging 


: Up, radable 
and increased RAM capacity. And, sIMM sockets 
systems such as our automated robotic silicic file, and 
PCB assembly equipment are speeding right angle versions in single 
production time and reducing labor costs. and dual row configurations. 


We take a systems approach to help make 
your bottom line more productive. 


Molex goes beyond quality SMT products to bring 

you problem-solving 
systems for greater 
productivity. Molex 

helps you put new 
technology to work in 
real world manufacturing 
Molex SIMM socket (right) takes up dramatically Situations. From design 


less board space than DIP packaging (left). and development to 

‘ ‘ As part of our intensive quality 
manufacturing and delivery, you can depend on Molex for gee uranes oho CAD technolaty 
interconnection technology that gives you a competitive edge. is used in product development 


e e e ident ° ‘ b le 2 
Connecting technologies worldwide. to identify possible stress points 


Our multi-national organization offers you interconnection 
design, manufacturing, and technology from around the globe, 
with dependable supply and local service. 

Call or write today for our new 16-page 
SIMM Technology Handbook. 


; ® 
custo Me Molex 


SIMM" is a registered trademark of the Wang Corporation. 


Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 USA, (312) 969-4550 « European Headquarters: Aldershot, England, (0252) 318221 
Northern Asia Headquarters: Tokyo, Japan, 03-478-8777 « Southeast Asia Headquarters: Jurong Town, Singapore, 65-261-9733 
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HOW TO RACE 
FASTER & LONGER 


DOWN THE DATA HIGHWAY 


The standard in data 
transmission. 

Belden® Extended Distance 
Data Cables provide faster data 
rates over longer distances, 
while maintaining signal integ- 
rity. Whatever your system 
needs, Belden data cables help 
you achieve the highest possi- 
ble levels of performance. 


Settling a bit of confusion. 

In general, it’s true that low 
Capacitance contributes toa 
better computer cable. At 
higher bit rates, however, 

the cable selection process 
becomes dependent on other 
cable parameters such as sig- 
nal rise time, impedance match- 
ing, attenuation and shielding. 


lf data speed and distance set 
limits of Superior performance 
for your computer system, “low 
Capacitance” alone can no 
longer define your performance 
requirements. You need the 
sophistication of fast rise time 
and advanced shielding tech- 
nology in a cable matched to 
your exact requirements. 


There is no equal?” 


Copyright © 1984, 1987 Cooper Industries, Inc. 


Transmission Distance (feet) 


Rise time and distance 
dependency on wire gage. 


5000 ;— 


Approach the Speed of Light 
with Extended Distance 
Data Cables from Belden. 


Comprehensive selection to 
meet every need. 


4500 |; 
4000 
3500 
3000 
2500 


At Belden, we'll assist you with 
the selection of data cables at 
the onset of your design, help- 


Belden offers a as 


2000 


wide selection 


1500 
1000 
500 
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of data cables 
in Multi-conduc- 
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tor and 
twisted-pair configurations 
with 28, 24, 22, 20 and 18 
AWG sizes. There are twenty- 
six multipair options of up to 50 
pairs, and fifteen multiconduc- 
tor options of up to 50 conduc- 


2500 + 


50% Rise Time (nanoseconds) 
9250 
9841 


(24 AWG) 


9804 
(28 AWG) 
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ing avoid costly overdesigns. 


tors. Overall foil, individual foil, 
braid, and overall foil/braid 
shields are available, as area 
variety of insulations to meet 
your requirements. 


Belden’s selection of Datalene®, 
polypropylene, polyethylene, 
and semi-rigid PVC insulations 
provide capacitance levels 
ranging from 11 pF/ft. to 

35 pF/ft. 


For extended distance and opti- 
mal signal performance in data 
cables, look to Belden; There 

is no equal™ Write or call for 
your free brochure detailing 
Belden’s comprehensive line 


of Extended Distance Data 


Cables. ~ 
BeldenWire 
and Cable, 
P.O. Box 1980, 
Richmond, IN 
47375. 


1-800-BELDEN-4 
In Indiana call 
317-983-5200 


See us in EEM 


BELDEN 


COOPER 


INDUSTRIES 


